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ADVERTISEMENT, 


1  FEEL  it  proper  tp  ftate,  that  Dr.  Haigh- 
ton  has  publicly  taught  for  thefe  three  or  four 
years  that  the  fpleen  performed  the  office 
which  I  have  defcribeq\  and  that  he  was  led 
to  adopt  this  opinion  from  the  experiments 
which  he  had  made, 
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CHAP.  r. 

OP  THE  ENERGY  OF  THE  LIVING  PRINCIPLE 
OF  THE  HUMAN  SPECIES  IN  THE  PROCESS  OP 
EVOLUTION. 

_ 

The  formation  of  the  different  tunics  by  which  the  embryo  is 
enveloped — the  nature  of  the  placenta — how  formed — how 
connected  with  the  foetus — the  evolution  of  the  foetus^  &c. 
&c.  &c. 

It  is  not  precifely  alcertained,  what  is  the 
interval  that  enfues  in  the  human  fpecies  be- 
tween conception,  or  the  generation  of  a  liv- 
ing principle,  and  the  depohtion  of  it  in 
the  uterus.  From  the  analogy  that  fubfifts 
among  viviparous  animals  in  general,  we  may 
vol.  ii.  B  prcfume, 
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prefume,  that  in  the  human  fpecies  in  particu- 
lar, the  ovum,  in  which  the  living  principle  is 
contained,  paffes  through  the  fallopian  tubes 
in  a  very  gradual  manner ;  and  that  it  is  a  day 
or  two  perhaps  before  it  is  finally  depofited 
in  the  uterus  *. 

During  this  interval,  a  considerable  action 
takes  place  from  the  veffels  that  are  fituated 
upon  the  internal  furface  of  that  organ  ;  an 
efFufion  of  coagulable  lymph  enfues,  by  means 
of  which,  the  os  uteri  is  rendered  imper- 
vious and  hermetically  fealed ;  the  commu- 
nication, which  in  the  unimpregnated  ftate  it 
retained  with  the  vagina,  becomes  fo  com- 
pletely obliterated,  that,  when  the  ovum  is  pro- 
pelled from  the  fallopian  tubes  into  the  uterus, 
inftead'of  being  expelled  as  it  would  otherwife 
be,  it  is  retained,  and  abortion  effectually  pre- 
vented. This  effufion  is  not  confined  to  the 
cervix  uteri ;  it  extends  to  the  whole  of  the  in- 
ternal furface  (with  the  exception  perhaps  of 

*  In  rabbits  it  was  three  days  in  paffing ;  but  as  the 
fallopian  tubes  of  thefe  animals  are  much  longer  than 
the  fallopian  tubes  of  the  human  fpecies,  we  fifty  pre- 
fume, that  in  the  latcer  the  pafiage  is  effected  in  a  fliort 
period. 

the 
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the  parts  where  the  fallopian  tubes  open)  ;  a 
thick  coating  is  formed,  which  has  received  the 
appellation  of  tunica  decidua,  caduca,  orfpongy 
chorion.  This  membrane  forms  a  cohfider- 
able  projection,  which  is.  found  to  proceed 
from  a  duplicature  in  its  conftructiOn  :  the  di- 
vifion  of  this  one  tunic  into  twOj  has  given 
rife  to  a  diftinction  in  the  appellation  of  each  ; 
the  former  is  known  by  the  name  of  tunica 
decidua  Uteri ;  the  latter,  by  the  name  of  tu- 
nica decidua  reflexa :  the  perfect  evolution  of 
the  latter  is  foon  attained  ;  for  it  rtot  only 
ceafes  to  grow,  but  in  two  or  three  months 
totally  difappears  :  whether  it  is  removed  by 
abforption,  or  whether  an  adhefion  takes  place 
between  it  arid  the  tunica  decidua  uteri,  is  un- 
certain. The  tunica  decidua  uteri  in  appear- 
ance is  irregular  and  granulated;  in  confidence 
it  is  thick,  and  in  ftrticture  extremely  vafcular ; 
the  velfels  with  which  it  is  fupplied  arife  from 
the  uterus,  by  the  a&ion  of  which  it  was  form- 
ed :  that  this  is  the  cafe  is  proved  from  hence, 
that  an  injection  paffed  from  the  uterine  arte- 
ries will  completely  fill  the  vcffels  of  the  tunica 
decidua.  It  is  probable,  in  order  to  afford 
the  uterus  time  fufficicnt  to  elaborate  thefc 

B  3  tunics, 
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tunics,  that  an  interval  enfues  between  the 
moment  of  conception,  and  the  depofition  of 
the  ovum  in  utero;  in  order  that  the  medium 
which  is  deftined  for  the  reception  of  the  ovum 
may  be  properly  accommodated  and  prepared. 

The  embryo  itfelf  is  inverted  and  protected 
by  two  tunics  of  its  own.  It  is  the  exiftence  of 
thefe  tunics  which  gives  the  firft  fenfihle  evi- 
dence that  conception  has  taken  place  ;  for  al- 
though their  evolution  is  fo  far  advanced,  that 
they  can  be  detected,  the  embryo  which  they 
envelop  is  not  fufficiently  emerged  from  its  pure 
and  immaterial  nature  to  be  vifible  to  organs  of 
fenfe.  The  external  of  thefe  tunics  is  called 
chorion,  and  by  Haller,  m'embrana  media ; 
the  internal  one  is  called  amnion  :  the  former 
is  more  folid  and  compact,  lefs  tranfparent 
and  more  vafcular,  than  the  latter.  The  ftruc- 
ture  of  the  latter  is  fo  very  delicate,  that  it  is  per- 
fectly polifhed  and  tranfparent,  containing  a 
fmall  quantity  of  gelatinous  fluid,  called  liquor 
amnii,  and  which  is  deftined  to  be  the  imme- 
diate and  proximate  recipient  by  which  the 
ovum  is  contained,  and  in  which  the  living 
principle  of  the  offspring  refides. 

Thefe  two  coats,  ftrictly  and  rigidly  fpeak- 

i  n (T 


IN  THE  PROCESS  OF  EVOLUTION.  X. 


ing,  belong  to  the  foetus  exclusively,  as  much 
as  the  tunica  decidua  belongs  to  the  mother ; 
for,  although  the  veffels  with  which  they  are 
fupplied  ean  be  injecledfrom  the  foetus, through 
the  medium  of  the  umbilical  veffels,  they  can- 
not be  injected  from  the  mother  through  the 
medium  of  the  uterus  :  on  the  contrary,  the 
tunica  decidua  can  be  filled  from  the  mother 
alone,  through  the  medium  of  the  uterine  ar-  ( 
teries,  but  not  from  the  foetus  through  the 
medium  of  the  funis. 

It  is  a  matter  of  uncertainty,  whether  the 
foetal  tunics  are  formed  at  once,  or  in  fuccef- 
fion  ;  it  is  very  probable  that  they  are  formed 
in  fucceflion,  as  we  behold  in  the  ova  of  ovi- 
parous animals,  where  the  yolk  alone  exifts 
in  the  ovarium,  and  the  white  is  added  to  the 
yolk  by  the  action  of  the  oviduct  (fallopian 
tube),  and  the  fheil  is  finally  depofited  to  the 
whole  by  a  fecretion  from  the  uterus  *. 

The  corculum  of  the  vegetable  feed,  and 
the  cicatricula  in  the  egg  of  oviparous  animals, 

*  It  muft  be  remarked,  that  in  the  cafe  of  extra-ute- 
rine fcetufes,  either  one  or  both  thefe  tunics  have  been 
found  to  exift ;  fo  that  it  is  very  probable  they  were  form- 
ed during  the  period  of  fcecundation,  or  at  the  fimbriec. 
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and  the  various  parts  by  which  they  are  pro- 
tected and  furroundcd,  are  analogous  to  the 
liquor  amnii,  and  to  the  membrane  by  which  it 
is  contained,  however  different  they  may  ap- 
pear in  the  mode  of  their  conftruction. 

Such  is  the  active  power  of  vegetable  life., 
that,  although  it  requires  the  farinaceous  matter 
of  which  the  cotyledons  are  compofed  for  the 
fir  ft;  efforts  of  its  evolution,  it  foon  poffeffes 
power  fufficient  to  affimilate  fubftances  foreign 
to  itfelf. 

The  power  of  animal  life  in  this  refpeet  is 
lefs  perfect  :  the  ovum  is  filled  with  a  quan- 
tity of  food,  congenial  to  the  nature  of  the 
living  principle,  upon  which  it  firft  acts,  and 
out  of  which  organization  is  formed,  until  it 
has  acquired  a  fufficiency  of  power  to  fubfift 
on  food  entirely  foreign  fo  itfelf:  on  the  con- 
trary, fach  is  the  comparative  indigency  of  the 
higher  order  of  animated  fyftems,  that  they  not 
only  depend  on  the  maternal  conftitution  for 
nourifhment  and  fupport,  but  for  a  medium 
alfo  in  which  to  refide.  However  different  the 
means  may  be  in  each,  the  end  is  evidently 
the  fame  in  all;  Providence  having  in  view 
the  evolution  of  the  living  principle  which 
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is  generated,  and  the  final  caufe  of  founda- 
tion. 

It  is  the  living  principle,  which  the 
iced  and  the  ova  contain,  that  conftitutes  the 
architect  by  which  the  machine  is  erected ; 
it  is  the  bafe  on  which  the  whole  {lands ;  it 
is  the  caufe  of  the  peculiarity  in  the  fex  ;  it 
is  the  bond  of  its  elementary  parts;  it  is  the 
power  by  which  its  various  organs  are  evolved, 
and  the  whole  fyftem  protected  and  preferved 
from  putrefaction  and  decay  *. 

The 

*  I  am  happy  to  avail  myfelf  of  the  high  authority  of 
the  learned  Cudworth  to  ftrengthen  the  opinion  I  have 
formed  of  the  active  power  of  Life. 

"  In  the  efformation  of  the  bodies  of  animals,  it  is  one 
and  the  felf-fame  thing  that  directs  the  whole  ;  that  which 
contrives  and  frames  the  eye,  cannot  be  a  diftinct  thing 
from  that  which  frames  the  ear ;  nor  that  which  makes 
the  hand,  from  that  which  makes  the  foot :  the  fame 
thing  which  delineates  the  veins,  muft  alfo  form  the 
arteries  •,  and  that  which  fabricates  the  nerves,  muft 
alfo  project  the  mufcles  and  joints:  it  muft  be  the  fame 
thing' that  organizes  the  heart  and  the  brain,  with  fuch 
communications  between  them;  one  and  the  felf-fame 
thing  muft  always  have  in  it  the  entire  idea  and  the 
complete  model  or  platform  of  the  whole  organic  body. 
For  the  feveral  parts  of  matter  dillant  one  from  another, 
acting  alone  by  themfelves  without  any  common  directrix, 

B  4  being 
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The  Principle  of  Life  therefore,  as  a  caufe, 
may  be  contemplated  in  the  abftrad,  as  fepa-r 
rate  and  diftinft  from  the  matter  into  which  it 
is  received,  and  through  which  its  actions  are 
produced  :  it  is  by  the  evolution  of  this  living 
principle  from  a  ftate  of  dormant  capacity  into 
energy  and  action,  that  the  paffivity  of  com- 
mon matter  is  overcome ;  although  of  kfelf 
-  totally  formjefs,  it  becomes  organized ;  al- 
though totally  inert,  the  power  of  action  is 
imparted  to  it :  the  matter  of  which  the  orga- 
nized fyftem  is  compofed,  when  deprived  of 
the  participation  of  the  living  principle,  is  as 
imbecile  and  inert  as  the  fhoe  without  the  foot, 

being  not  able  to  confer  together,  nor  communicate  with, 
each  other,  could  never  poflibly  confpire  to  make  up  one 
fuch  uniform  and  orderly  fyftem  and  compages,  as  the 
body  of  every  animal  is. 

"  It  muft  be  one  and  the  fame  thing  which  forms  the 
whole,  or  elfe  it  could  never  have  fallen  into  fuch  uniform 
order  and  harmony.  Now  that  which  is  one  and  the 
fame,  acting  upon  feveral  parts  of  matter,  cannot  be  cor- 
poreal."   P.  163. 

"  If  there  be  any  plaftic  nature  that  acts  regularly  and 
artificially  in  order  to  ends,  and  according  to  the  beji  nvif- 
dom,  though  itfelf  not  comprehending  the  reafon  of  it, 
nor  being  clearly  confcious  of  what  it  doth ;  then  there 
muft  of  neceflity  be  a  perjeB  mind  or  intellect  y  that  is  a, 
Deity,  upon  which  it  depends.''    P.  172. 
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or  as  the  mufical  inftrument  without  the  art 
and  power  of  the  mufician. 

It  is  not  the  farinaceous  matter  of  which  a 
feed  is  compofed,  the  animal  gluten  with  which 
an  egg  is  filled,  or  the  atom  of  mucus  in  which 
the  primordia  of  the  embryo  are  received, 
which  conftitutes  the  power,  by  the  energy  of 
which  organization  is  elaborated  and  action 
ultimately  produced :  if  wre  were  to  fubjecl: 
either  or  all  of  thofe  fubftances  to  chemical 
analyfis,  and  afcertain  the  fenfible  and  chemi- 
cal qualities  they  leverally  pofTefs,  we  mould 
find  that  by  chemical  analyfis  the  mere  matter 
of  which  they  are  compofed  would  yield  the 
fame  product  as  the  vegetable  matter  of  any 
other  feed,  or  as  the  yolk  of  any  other  egg, 
or  perhaps  as  the  mucus  of  any  other  part : 
and  finally,  if  thefe  bodies  were  deprived  of 
the  living  power  which  they  contained,  they 
would  undergo  the  ufual  changes  of  decom- 
pofition  by  the  proceffes  of  fermentation  and 
of  putrefaction. 

The  living  principle  which  the  ovum  con- 
tains, bears  the  fame  relation  to  the  matter  into 
which  it  is  received,  as  the  painter  does  to  the 
canvas  on  which  he  draws;  it  is  the  former 

that 
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that  poffefles  the  power,  it  is  the  latter  which 
contains  mere  aptitude  alone :  if  the  canvas 
pofTefled  any  particular  quality  whatever, 
whether  of  colour  or  of  figure,  it  would  be  ill 
adapted  to  receive  thofe  which  the  art  and  fkill 
of  the  artift  intended  to  dilplay.  If  the  ani- 
mal gluten  by  which  the  embryo  is  furrounded, 
poffefTed  any  property  befides  that  of  aptitude 
alone,  it  would  be  ill  adapted  to  anfwcr  the 
purpofe  for  >  which  it  was  efpecially  defigned : 
like  the  figured  canvas,  the  fenfible  qualities 
of  the  animal  matter  would  not  only  oppofe, 
but  effectually  prevent  the  living  principle 
from  creating  organs  out  of  matter  unorga- 
nized, and  from  imparting  powers  of  action 
to  thofe  organs  although  compofed  of  matter 
totally  imbecile  and  inert. 

That  Providence  feems  to  have  this  princi- 
ple efpecially  in  view,  of  accommodating  the 
nature  of  the  recipient  to  the  degree  of  power 
in  the  agent,  is  not  only  evident  from  what  we 
have  feen  in  the  various  fyftems  in  general  we 
have  examined,  but  it  is  illuftrated  by  the 
human  fpecies  in  particular. 


Of 
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Of  the  Formation  of  the  Placenta  in  general, 
and  Maternal  Portion,  in  particular. 

If  the  tunica  decidua  be  examined  before  the 
firft  month  of  geftation  is  expired,  the  whole 
appears  of  a  granulated  ftructure :  but  one 
part  there  is  which  is  evidently  more  elevated 
than  any  of  the  reft  :  this  irregularity  feemr. 
to' proceed  from  a  number  of  veflels  that  pro- 
ject on  its  furface:  this  projected  portion  di- 
minishes in  breadth,  but  increafes  in  thicknefs  ; 
and  finally  inofculates  with  a  portion  of  the 
chorion  to  which  it  is  oppofed  ;  and  where  a 
iimilar  procels  takes  place,  it  is  by  the  com- 
bined action  of  both,  and  by  the  union  of 
both,  that  placenta  is  elaborated  and  com- 
pletely formed. 

The  portion  of  the  placenta  which  was 
formed  from  the  tunica  decidua,  is  called  the 
maternal  portion  :  the  one  that  was  formed 
from  the  chorion  is  called  the  fcetal ;  the  two 
taken  together,  when  forming  one  aggregate 
mafs,  are  called  placenta.  The  attachment 
that  fubfifts  between  the  uterus  and  the  inter- 
nal portion  is  effected  by  the  medium  of  cel- 
lular membranes,  through  which  a  multitude 

of 


OF  THE  FCETAL  PORTION 


cf  veflels  immediately  proceed  :  as  thefe  vef- 
fels  pafs  from  the  uterus  to  the  placenta,  they 
diminifh  in  magnitude,  and  increafe  in  num- 
ber, and  finally  terminate  by  an  exhalant  ex- 
tremity and  a  returning  vein  :  the  exhalant 
extremity  difcharges  its  contents  on  the  fides 
of  the  cells  of  which  this  portion  of  the  pla- 
centa is  compofed*  :  the  returning  vein  carries 
the  grofTer  parts  of  the  blood  back  again  into 
the  maternal  fyftem. 

Of  the  Festal  Portion  of  the  Placenta. 

Where  the  maternal  portion  of  the  placenta 
ends,  the  fcetal  begins  :  it  is  apparently  of  a 
membranous  ftru&ure,  and  conftitutes  the  im- 

*  That  thefe  veflels  arife  from  the  uterus  is  evident 
from  this,  that  an  injection  pafled  through  the  uterine 
arteries  will  diftend  the  veflels  and  fill  the  cells :  and 
finally,  that  thefe  veflels  terminate  in  the  cells  of  the  ma- 
ternal portion,  and  do  not  penetrate  into  the  fcetal  portion, 
is  proved  from  the  effects  of  injection  alfo.  For,  although 
both  the  veflels  and  cells  of  the  maternal  portion  are  filled, 
no  part  of  the  fcetal  portion  is  affected,  nor  are  there  any 
of  its  veflels  that  are  filled  in  confequence :  fo  that,  al- 
though there  is  an  union  and  connection  between  both 
portions  by  the  medium  of  cellular  membranes,  there  is 
a  complete  and  decided  reparation  between  them  with 
refpect  to  veflels. 

i  mediate 
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mediate  recipient  of  the  fluid  which  was  de- 
pofited  from  the  veffels  we  have  juft  defcribed. 
»    In  the  human  fpecies  this  fluid  is  apparently 
of  a  ferous  nature  •  but  in  the  larger  order  of 
quadrupeds,  as  cows,  &c.  where  the  quantity 
is  more  abundant,  and  its  fenfible  properties 
more  obvious,  this  fluid  is  of  a  more  milky 
and  chylous  quality.   Whether  it  obtains  this 
character  by  the  action  of  the  cells  of  the  ma- 
ternal portion  of  the  placenta,  or  whether  it 
preferves  its  ferous  quality  until  it  is  depolited 
upon  the  foetal  portion,  is  a  queftion  that  can- 
not be  decided  :  it  would  appear  probable,  that 
the  uterine  arteries  of  the  mother  convey  blood 
through  the  maternal  placenta,  and  depofit  it 
in  the  foetal  part :  the  former  conftitutes  the 
organ  from  whence  it  is  immediately  obtain- 
ed, and  forms  the  medium  through  which  it  is 
conveyed ;  the  latter  conftitutes  the  agent  by 
which  it  is  aflimilated  and  accommodated  to 
the  nature  of  the  foetal  fyftem,  for  the  nutri- 
tion and  fupport  of  which  it  was  efpecially  de-  ' 
figned,  and  of  which  it  may  then  be  faid  to 
conftitute  a  part. 

The  necefliuy  of  fuch  an  arrangement  muft 
be  apparent  to  every  reflecting  mind,  in  order 

that 
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that  the  nature  of  the  matter  which  the  living 
principle  is  to  receive,  may  be  exactly  adapted 
to  the  period  of  its  evolution.  If  it  were  not 
for  this  arrangement ;  if  the  maternal  blood/ 
inftead  of  being  conveyed  mediately  through 
the  placenta,  were  received  immediately ;  the 
eonfequence  would  be,  that  the  old  blood  of 
the  mother  would  be  received,-  unprepared 
by  the  fatal  fyftem,  for  the  fupport  of  which 
it  was  not  adapted.  The  various  fenfiblc  qua- 
lities which  the  maternal  blood  pofTeffed,-  muft 
have  rendered  it  unapt  and  unfit  for  the  fir  ft 
effort  which  the  living  principle  makes  to 
evolve  itfelf,  and  to  impart  its  own  nature 
to  the  matter  which  poiTeffes  the  aptitude  to 
receive  its  participation.  Inftead  of  the  ma- 
ternal blood  being  modelled  by  the  energy  of 
the  living  principle,  and  organization  formed,- 
the  contrary  would  be  the  cafe.  The  mater- 
nal blood  would  undergo,  in  the  fcetal  ovum* 
the  fame  changes  that  it  is  wont  to  do,  either 
when  it  is  extravafated  within  or  without  the 
fyftem  :  inftead  of  the  living  principle  act- 
ing upon  and  arranging  it,  the  blood  would 
make  a  mere  coagulum  ;  a  mils  indlgcjlaque 
moles. 

The 
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The  maternal  portion  of  the  placenta  there- 
fore conftitutes  the  medium  between  the  ute- 
rus to  which  it  is  attached,  and  the  foetal  por- 
tion of  the  placenta  ;  and  which  itfelf  forms 
the  connecting  medium  between  the  maternal 
and  foetal -fy  ft  ems.  The  placenta,  therefore, 
is  the  fource  from  whence  the  foetus  obtains 
nourifliment,  and  from  whence  the  motion  of 
the  blood  has  its  origin  :  that  it  is  the  origin, 
is  evident,  becaufe  the  uterus  is  the  fountain 
from  whence  the  blood  is  received ;  the  pla- 
centa the  organ  by  which  it  is  prepared ;  and 
the  velTels  which  arife  from  thence  conftitute 
the  media  by  which  it  is  conveyed. 

The  neceflity  of  fuch  media  is  not  only  ap- 
parent with  a  view  to  the  procefs  of  affimila- 
tion,  but  for  the  purpofe  alfo  of  abating  and 
accommodating  the  velocity  with  which  this 
nutritious  matter  is  conveyed.  Deleterious  and 
deftructive  indeed  would  be  the  effects  that 
muft  enfue,  if  the  maternal  blood  were  to  be 
conveyed  to  the  embryo  by  the  mufcular  force 
of  the  maternal  organs.  The  flrength  of  the 
maternal  heart  and  arteries  would  have  been 
employed,  and  been  fubfervicnt  to  the  debile 
condition  of  the  foetal  ftate  :  fubfifting  with- 
out 
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out  power,  it  would  have  been  diforganized 
without  refiftance. 

A  conftruction  of  organs  fo  difcordant  and 
deftructive,  was  never  defigned  by  that  Being 
who  is  the  fountain  of  all  wifdom,  and  the 
fource  of  all  power.  Beauty  and  fymmetry 
exift  in  every  part,  that  harmony  may  be  the 
refult  of  the  whole. 

The  momentum  of  the  maternal  circula- 
tion is  abated  in  this  part  by  two  different 
means  ;  not  only  by  an  increafe  in  the  number 
of  veffels,  that  their  diameter  might  be  lefs, 
but  by  the  final  and  complete  termination  of 
the  exhalant  outlet  of  the  uterine  arteries  on 
the  fides  of  the  maternal  placenta. 

It  is  therefore  neceffary  to  trace  the  progref- 
five  changes  that  take  place  in  thefe  parts,  that 
we  may  be  able  to  underftand  how  the  con- 
nection between  them  is  ultimately  effected. 

Of  the  Evolution  of  the  Embryo. 

It  appears  that  the  ovum  in  which  the  living 
principle  refides,  fubfifts,  for  two  or  three 
weeks  after  it  has  been  generated,  in  an  ovi- 
parous ftate ;  refiding,  it  is  true,  in  the  uterus, 
without  having  any  immediate  connection 

with 
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with  it:  it  extracts  nourifhment  from  the  me- 
dium alone  by  which  it  is  furrounded,  as  the 
chick  does  from  the  albumen  and  yolk,  or  as  the 
kangaroo  when  it  refides  in  the  uterus,  and 
exifts  on  the  gelatinous  matter  by  which  it  is 
involved.  About  the  third  or  fourth  week  two 
white  fpots  begin  to  appear,  floating  as  it  were 
in  a  femi-tranfparent  liquor,  which  the  amnion 
contains.  One  of  thefe  fpots  proves  to  be 
the  rudiments  of  the  embryo,  the  other  the 
rudiments  of  the  funis.  Soon  after  this  period, 
one  of  thefe  fpots  feems  as  it  were  divided  into 
two  fmall  veheles,  one  of  which  constitutes 
the  head,  the  other  the  trunk.  The  whole  of 
the  embryo  is  not  larger  than  a  pea  :  there  is 
neither  fymmetry  of  figure  nor  apparent  orga- 
nization :  there  is  not  a  foetus  in  miniature ; 
for,  with  refpect  to  form,  the  embryo  is  a  mere 
chaos  in  all  its  parts.  Aboutthe  lixth  week 
the  organs  of  fenfe  may  be  detected,  and  the 
face  is  marked  by  features ;  although  at  the 
expiration  of  the  fecond  month,  the  whole 
taken  together  does  not  meafure  above  one 
inch  in  length. 

The  evolution  which  the  embryo  fuftains  is 
not  equal  throughout  the  whole:  there,  are  fome 
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parts  whofe  evolution  has  fcarcely  begun,  whilft 
others  have  attained  confiderable  magnitude. 

If  the  internal  organization  be  examined 
before  the  fecond  month,  no  bond  of  conti- 
nuity feems  to  exift  between  the  different  or- 
gans, and  geftation  has  proceeded  a  confider- 
able way,  before  evolution  is  fo  far  advanced 
that  a  connected  fyftem  can  be  faid  to  be  form- 
cd.  Such  however  is  the  fixed  and  unerring, 
nature  of  the  laws  by  which  it  is  governed,, 
that  there  is  not  only  a  determinate  period  for 
the  evolution  of  particular  parts,  but  for  the 
perfection  of  the  whole.  The  different  organs 
that  are  more  immediately  deftined  to  preferve- 
and  perfect  the  fyftem,  when  the  fcetal  ftate 
ends,  are  efpecially  diftinguifhed  by  the  rapi- 
dity of  their  growth,  and  the  magnitude  they 
have  attained  when  the  adult  ftate  begins.  We 
may  enumerate  as  the  firft  in  order, 

1.  The  head  with  the  organs  of  fenfe,  and- 
the  nerves  that  are  connected  with  them. 

2.  The  mouth,  trachea  and  lungs. 

3.  The  heart  and  arterial  fyftem. 

4.  The  cefophagus  and  ftomach,  with  its 
auxiliary  organs,  namely  the  fpleen,  the  pan- 
creas and  hepatic  fyftem. 

5.  The 
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5.  The  omentum,  the  inteftinal  canal  and 
lacteal  veflels. 

6.  The  bladder  of  urine,  &c.  &c.  &c. 
Thefe  are  the  various  inftruments,  in  the 

evolution  of  which  the  energy  of  the  living 
principle  in  the  fcetal  ftate  feems  to  be  parti- 
cularly exerted,  and  which  are  endowed  with 
power  fufficient  to  act  after  parturition :  on 
the  contrary,  there  are  various  other  parts  that 
are  either  comparatively  fmall,  or  whofe  evo- 
lution has  fcarcely  commenced  :  under  the 
fecond  clafs  may  be  mentioned  the  bones, 
many  of  the  voluntary  mufcles  attached  to 
them,  the  generating  and  fexual  organs,  the 
venous  fyftem,  the  lymphatic  abforbent  veflels 
of  particular  parts,  the  teeth,  the  hair  and  nails, 
&c.  &c.  &c. 

Before  the  evolution  of  the  different  ori- 
gans, it  is  impoffible  that  their  fpecific  powers 
can  be  properly  difplayed.  The  principle 
from  whence  their  fpecific  action  proceeds,  is 
in  capacity  alone,  and  in  a  dormant  ftate  :  it 
is  then  a  principle  without  an  organ  ;  a  pro- 
ducing caufe  without  a  proper  fubjecl: ;  fimilar 
to  the  fcience  of  the  mufician  without  an  in- 
ftrument  on  which  that  fcience  can  be  exerted. 

C  2,  During 


20 


OF  THE  EVOLUTION 


During  the  evolution  of  the  organs,  the 
fpecific  power  they  contain  cannot  be  perfect, 
becaufe  the  living  principle  is  then  engaged 
in  the  procefs  of  evolution  and  of  growth  ; 
and  it  is  not  until  the  perfect  evolution  of  the 
fyftem  is  attained,  and  the  living  principle 
only  employed  in  preferving  what  it  has  pro- 
duced and  perfected,  that  the  period  is  arrived 
when  the  various  fpecific  powers  which  the 
different  organs  poffefs  can  be  properly  dis- 
played. The  parts  therefore  on  which  the  liv- 
ing principle  is  moft  active  with  refpect  to 
growth,  mud  be  moft  paflive  with  refpect  to 
fpecific  power.    The  reafon  is,  that  two  fpe- 
cific actions  cannot  properly  exift  together  in 
the  fame  place  at  one  and  the  fame  time.  The 
fpecific  power  therefore  of  the  fcetal  organs 
cannot  begin,  not  only  from  a  deficiency  of 
power  and  the  imperfect  ftate  of  their  evolu- 
tion, but  from  the  abfence  of  thofe  various 
fubftances  upon  which  they  are  defigned  to 
act.  The  eye  therefore  has  the  capacity  to  fee, 
without  actually  feeing;  and  the  other  fenfts 
are  in  a  paflive  condition :  the  brain  is  in  a  ftate 
of  growth  without  confeioufnefs ;  the  nerves 
without  fenfation  ;  the  mufcles  without  vo- 
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I  KKtary  motion  ;  the  ftomach  without  diges- 
tion; the  inteftinal  canal  without  periftaltic 
motion ;  the  lacteal  veffels  without  abforption ; 
the  lungs  without  refpiration  ;  and  the  heart 
with  a  very  imperfect  circulation. 

That  fcetal  evolution  does  enfue  without 
organic  action,  is  evident  from  the  inftances 
we  frequently  behold  of  fcetal  evolution  taking 
p-lace,  wmilft  the  different  organs  fo  eiTential 
tp  the  adult  are  totally  abfent  in  the  fcetal 
ftate.  •  I  have  feen  a  foetus  without  a  head, 
others  with  a  head  but  without  brain ;  fome 
without  lungs,  others  without  heart  or 
lungs ;  many  have  been  found  destitute  of 
abdominal  vifcera,  and  with  various  other 
mal-conformations  of  their  fyftem.  Although  • 
thefe  organs  were  either  defective  or  totally 
abfent,  thg  other  parts  of  the  fyftern  were 
found  perfectly  evolved,  and  had  attained 
their  fullnefs  of  growth  and  fymmetry  of 
form.  The  different  organs  therefore,  al- 
though endowed  with  life,  are  for  the  molt 
part  deftitute  of  organic  action  :  if  they  were 
deftitute  of  life,  they  would  undergo  the 
tape  changes,  like  other  dead  matter  of  putre- 
faction or  of  fermentation. 

C  3  It 
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It  is  far  otherwife.  The  evolution  of  the  liv- 
ing principle,  by  means  of  which  organization 
is  formed,  conftitutes  the  true  end  of  fcetal 
exiftence  :  the  particular  and  fpecilic  action  of 
the  organs  is  for  the  moft  part  fufpended,  until 
they  are  fufnciently  evolved  to  be  able  to  per- 
form in  the  beft  pofTible  manner  the  end  for 
which  they  are  defigned.  Whilft  therefore 
the  living  principle  which  the  embryo  contains 
organizes  and  arranges  the  blood  it  receives, 
the  different  organs  which  are  effential  to  the 
formation  of  blood  in  the  adult  are  perfectly 
paflive  in  the  fcetal  ftate. 

If  fcetal  evolution  depended  on  organic  ac- 
tion in  general,  a  neceffity  would  exift  for 
the  prefence  of  the  various  fubftances  upon 
which  the  organs  are  efpecially  defigned  to 
act :  the  admiffion  of  air  would  be  necelfary 
to  call  forth  the  action  of  the  lungs  ;  the  in- 
troduction of  food,  necefTary  for  the  action  of 
the  ftomach  ;  and  the  various  organs  that  are 
ofan  auxiliary  nature  would  confequently  be 
roufed  from  their  dormant  ftate  into  activity 
and  action. 

If  the  fcetal  fyftem  were  expofed  to  the 
action  of  thofe  caufes,  the  foetal  would  refem- 
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ble  the  adult  ftate;  its  life  would  be  a  life  of 
choice,  not  of  neccffity  ;  of  choice  indeed 
without  the  power  of  choofing,  of  a&ion  with- 
out the  power  of  acting;  of  indigency  and 
want,  but  totally  deftitute  of  fufficient  means 
by  which  its  neceffities  could  be  fupplied  ;  be- 
caufe  the  organs  of  confcioufnefs  and  of  fenfe 
are  totally  dormant  and  paffive,  not  only  from 
the  imperfect  ftate  of  their  evolution,  but 
from  the  total  abfence  of  the  various  means 
by  which  their  action  is  called  forth.  The  foetus 
therefore  feems  to  conftitute  a  medium  ftate, 
as  forming  a  connected  part  of  the  maternal 
conftitution,  and  as  feparated  from  it  by  its 
own  individual  exiftence.  That  there  is  an  in- 
dividual exiftence  in  both,  feparate  and  diftinct 
from  each,  is  evident  from  this,  that  the  life  of 
the  child  frequently  terminates  whilft  that  of 
the  mother  continues;  and  on  the  contrary, 
the  mother  is  fometimes  deprived  of  her  own 
exiftence,  whilft  that  of  the  foetus  remains  for 
a  limited  time.  It  is  therefore  neceffary  to 
examine  the  mode  of  conne6tion  that  fubfifts 
between  both,  and  the  object  for  which  it  is 
efpecially  defigned. 


Of 
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Of  ike  Umbilical  Vein. 

The  fluid  which  had  been  depofited  from, 
the  uterine  veflels  through  the  medium  of  the 
maternal  placenta,  and  which  had  been  affimi- 
lated  and  prepared  by  the  fcetal  portion,  is 
abforbed  by  a  number  of  fmall  veflels  which 
arife  with  open  mouths  from  the  furface  of 
that  organ  :  thefe  veffels,  inftead  of  increafing 
in  number  and  diminiming  in  fize  as  the  ute- 
rine arteries,  diminifh  in  number  but  increafe 
in  fize,  until  they  finally  unite  and  congregate 
into  one  veffel,  which  has  been  called  the  urn- 
bilical  vein. 

The  umbilical  vein  is  of  confiderable  length, 
and  receives,  in  common  with  the  placenta,  a 
covering  from  the  amnion,  which  gives  to  the 
whole  a  fmooth  appearance.  After  having 
paffed  through  the  umbilicus  of  the  foetus,  it 
afcends  on  the  right  fide,  and,  after  entering 
the  liver,  divides  into  feveral  branches.  One 
branch,  and  which  is  the  moft  confiderable  of 
the  whole,  unites  with  the  vena  portarum, 
and  is  diftributed  to  the  liver  itfelf.  Another 
branch,  which  has  received  the  appellation  of 
canalis  venofus,  proceeds  in  a  more  direct 
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courfe  :  it  unites  with  the  largeft  of  the  hepa^ 
tic  veins ;  they  proceed  to  the  cava  inferior, 
and  enter  the  right  auricle  of  the  heart ;  fo 
that  the  umbilical  vein  conftitutes  the  medium 
through  which  the  foetus  obtains  nourimment 
from  the  foetal  placenta,  of  which  it  is  the 
fource. 

The  blood  which  the  right  auricle  receives 
in  the  foetal  ftate,  inftead  of  being  conveyed  al- 
together into  the  right  ventricle,  as  it  is  in  the 
adult,  and  from  the  right  ventricle  through  the 
medium  of  the  pulmonary  artery  to  the  lungs, 
becomes  diftributed  in  a  manner  totally  differ- 
ent :  this  difference  proceeds  from  the  peculi- 
arity in  the  conftrudtion  of  t(ie  parts,  arifmg 
no  doubt  from  the  difference  that  fubfifts  be- 
tween the  foetal  and  the  adult  ftate,  and  the 
feveral  ends  each  has  refpectively  to  fulfil. 
The  blood  which  the  foetus  receives  is  efpe- 
cially  defigned  to  anfwer  the  purpofe  of  foetal 
evolution,  without  a  view  to  the  fpecific  action 
of  the  organs.  Inftead  therefore  of  beholding 
in  the  foetal  ftate  an  unequal  and  an  increafed 
proportion  of  blood  diftributed  to  particular 
organs,  as 'we  find  in  the  adult,  the  only  in- 
equality we  behold  in  the  diftribution  of  blood 
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feems  efpecially  designed  for  evolution,  but 
not  for  fecretion.  The  additional  quantity  of 
blood  which  the  liver  receives,  inftead  of  be- 
ing fubfervient  to  the  fpecific  power  of  the 
liver,  in  the  formation  of  bile,  anfwers  the  ef- 
pecial  purpofe  of  organic  formation. 

That  the  evolution  of  the  living  principle, 
in  the  procefs  of  organization,  is  the  true  end 
of  fcetal  exiftence,  is  further  proved  from  the 
comparative  condition  of  the  veffels  that  fup- 
ply  different  organs  ;  of  thofe  that  fupply  them 
with  blood  for  nourifhment  and  fupport,  and 
of  thofe  that  are  fubfervient  to  their  fpecinc 
or  fecretory  office. 

The  bronchial  and  pulmonary  arteries  may 
ferve  as  an  illuftration  of  this  point.  The  for- 
mer, which  is  efpecially  defigned  to  convey 
nourishment  to  the  lungs,  is  relatively  larger  in 
the  fcetal  than  it  is  in  the  adult  ftate  :  on  the 
contrary,  the  latter,  which  anfwers  the  fpecific 
action  of  that  organ,  is  proportionally  fmaller 
in  the  fcetal  than  in  the  adult  condition.  In 
the  former  period,  the  fmall  quantity  of  blood 
which  panes  through  is  only  fufficient  to  pre- 
ferve  it  in  a  patent  ftate  :  in  the  latter  ftate 
it  conveys  the  whole  mafs  of  blood  which  the 

fyftem 
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fyftem  contains.  Seeing  then  that  an  inequa- 
lity in  the  diftribution  of  the  blood  is  efpecially 
prevented, we  muft  conclude,  that  the  fcetal  fyf- 
tem is  provided  with  means  by  which  a  more 
equal  divifion  of  the  blood  may  take  place,  and 
each  organ  be  fupplied  with  a  proper  quantity. 

Of  the  Manner  in  which  the  Blood  is  dis- 
tributed *. 

The  membrane  or  feptum  that  feparates  the 
right  auricle  of  the  heart  from  the  left,  does 
not  feem  to  have  been  perfected  fo  foon  as  the 
other  parts  of  that  organ  :  inftead  of  being 
clofed  during  the  fcetal  ftate,  it  remains  open, 
and  this  opening  it  is  that  has  been  called 
foramen  ovale. 

The  foramen  ovale  is  rather  of  a  round  than 
of  an  oval  figure  ;  the  edges  are  very  thick  and 
mufcular ;  this  mufcularity  is  probably  owing 
to  a  decuffation  from  the  mufcular  fibres  of 
the  furrounding  parts.  The  valve  which  after- 
wards conftitutes  the  feptum  between  both 

*  It  is  unneceflary  for  me  to  give  a  general  account  of 
the  conftru&ion  of  the  heart,  which  muft  be  known  to 
every  tyro  in  phyfiology.  I  fhall  therefore  content  myfelf 
by  ftating  the  peculiarities  it  poffefics. 

auricles, 
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auricles,  feems  to  lie  efpecially  towards  the 
left  fide  :  for,  although  the  mode  of  its  con- 
itrudion  very  eafily  admits  the  tranfmhTion  of 
blood  from  the  right  to  the  left  fide,  it  puckers 
up  in  a  fack-like  form,  if  it  be  pufhed  from 
the  left  to  the  right  fide  :  it  is  of  a  membra- 
nous ftru&ure,  of  a  delicate  confidence,  but 
p  ode-fling  confiderable  ftrength. 

The  blood,  therefore,  which  the  right  au- 
ricle receives,  goes  partly  through  the  foramen 
ovale  to  the  left  auricle,  and  partly  through  the 
medium  pf  the  right  ventricle  into  the  pul- 
monary artery. 

The  pulmonary  artery,  foon  after  its  origin, 
has  a  canal  which  arifes  from  its  fides,  and 
which  terminates  in  the  aorta  below  the  arch 
called  duSius  arteriofus^  and  which  is  larger 
than  the  united  trunks  of  the  pulmonary  ar- 
teries. 

Such  is  the  relative  pofition  of  the  duEtus  ar.- 
tcrlofus  with  refpe£t  to  the  trunk  of  the  pul- 
monary arteries,  and  of  the  aorta,  that  the 
paflage  of  the  blood  through  the  former  is 
more  indirect  than  it  is  through  the  latter: 
whilft  a  fmall  proportion  of  blood  only  flows 
through  the  pulmonary  arteries  to  the  lungs, 
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the  major  quantity  flows  through  the  dudus 
arteriofus  into  the  aorta. 

The  fmall  quantity  of  blood  that  goes  to 
the  lungs  is  returned  from  them  through  the 
medium  of  the  pulmonary  veins,  and  depo- 
fited  in  the  left  auricle  of  the  heart :  it  unices 
with  the  blood  which  the  foramen  ovale  ad- 
mitted from  the  right  auricle,  and  is  from 
thence  conveyed  through  the  medium  of  the 
left  ventricle  into  the  aorta  alfo :  it  is  from 
thence  either  diftributed  to  the  different  parts 
of  the  fyftem,  for  their  nourifhment  and 
fupport,  or  is  returned  back  to  the  placen- 
ta through  the  medium  of  the  umbilical  ar- 
teries. 

*  From  an  attentive  review  of  the  conftruc- 

tion 

*  '*  Mr.  Hunter  fays,  that  the  fcetal  heart,  by  having 
but  one  auricle,  by  the  communication  between  the  two, 
and  alfo  one  ventricle,  by  means  of  the  union  between 
the  two  arteries,  which  produces  an  union  of  blood  :  thefe 
puflages,  however,  are  (hut  up  almofh  immediately  after 
birth  or,  at  leaft,  the  canalis  arteriofus,  whichjjqmmediate- 
}y  prevents  the  foramen  ovale  from  producing  its  former 
effe£ts  i  therefore  it  is  not  fo  neceflary  it  fhould  be  fliut 
up  in  the  adult.  I  have  feen  it  to  common  appearance  as 
much  open  as  in  a  foetus." — Hunter  071  the  Blood,  p.  i  36. 

"  Again,  fays  he,  in  the  fectus  in  utero,  the  aorta  at  the 
.  I  beginning 
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tion  of  thefe  different  parts,  it  appeared  very 
probable  to  me,  that  it  was  efpecially  defign- 
ed  to  equalize  and  balance  the  diftribution  of 
the  blood  to  the  fyftem  in  general,  with  a  view 

beginning  from  the  ventricle  is  larger  than  in  the  adult, 
in  proportion  to  the  quantity  of  blood  that  paries  through 
the  foramen  ovale  :  and  beyond  the  entrance  of  the  cana- 
lis  arteriofus,  the  aorta  is  increafed  in  proportion  to  the 
fize  of  that  canal ;  and  it  is  at  this  part  that  its  fize  is  to  be 
eftimated.  This  probably  makes  the  aorta  beyond  the  en- 
trance of  the  canalis  arteriofus  twice  as  large  as  in  the 
adult,  in  proportion  to  their  fize ;  but  the  drawback  upon 
this  is  the  placenta.  He  therefore  concludes,  that  the  aorta 
of  a  fcetus  is  not  only  larger  than  of  an  adult,  but  larger  in 
that  proportion  which  the  fize  of  the  fcetus  bears  to  the 
fize  of  the  placenta  :  that  the  capillary  arteries  in  the  fce- 
tus are  as  numerous,  if  not  more  fo,  than  they  are  in 
the  adult  •,  the  trunks  are  as  numerous,  and,  as  far  as  they 
could  be  traced,  they  feem  to  fend  off  the  fame  number 
of  fmaller  branches  ;  and,  in  many  parts,  we  find  a  great 
many  more  fmaller  veflels  in  the  fcetus  than  in  the  adult; 
more  efpecially  in  all  growing  parts,  as  in  the  eye,  in 
the  membrane  of  the  ear,  in  callus,  in  granulations,  &c. 
In  the  adult,  indeed,  it  is  very  certain  that  there  are  many 
arteries  that  are  obliterated  :  hence  it  appears,  that  a  fce- 
tus is  much  more  vafcular  than  an  adult,  and  has  a  much 
larger  quantity  of  blood  in  proportion  to  its  fize ;  and 
that  the  heart  muft  flill  be  larger  and  ftronger  in  propor- 
tion to  move  this  blood,  which  will  (till  probably  circulate 
in  the  fmaller  veflels  with  lefs  velocity." 

1  to 
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to  its  evolution,  rather  than  allow  a  local  de- 
termination to  take  place,  that  might  call  forth 
the  fpecific  action  of  the' organs  at  a  time  when 
that  a&ion  could  have  anfwered  no  purpofe. 
The  fmall  degree  of  fpdcific  action  that  the 
different  organs  difplayed,  as  was  proved  by 
the  fmall  quantity  of  fecreted  fluids  that  was 
produced,  even  to  the  total  privation  of  them,, 
and  the  llownefs  with  which  the  blood  was 
conveyed  through  the  foetal  fyftem,  feemed  to 
confirm  me  in  that  opinion.  It  is  however 
proper  for  me  to  ftate,  that  in  the  fecond  vo- 
lume of  the  Anatomy  of  the  Human  Body, 
which  has  lately  been  publifhed  by  Mr.  John 
Eell  of  Edinburgh,  the  ceconomy  of  thefe  parts 
feem  to  him  to  be  defigned  for  very  dif- 
ferent purpofes  :  he  fuppofes,  that  the  dudtus" 
arteriofus  is  efpecially  deftined,  not  fo  much 
to  prevent  the  blood  from  flowing  through 
the  pulmonary  artery  to  the  lungs,  "  as  for 
giving  to  the  blood  of  the  aorta  the  propelling- 
power  of  both  ventricles;  for  the  peculiarity  of' 
the  confiruclion  gives  the  full  force  of  the  right 
ventricle  to  the  blood  of  the  aorta ,  in  addition  is 
that  of  the  left:' 

He  further  fays,  "  that  the  defign  of  nature 

in 
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in  this  peculiarity  inthe  conftru&ionof  thefcetat 
heart,  is  to  prepare  a  double  one,  and  keep  it  in 
rcferve  for  the  circulation  of  the  adult;  but  to 
ufe  it  as  a  fingle  one  in  the  fcetus.  The  two 
auricles  communicate  fo  freely  by  the  fora- 
men ovale,  that  the  two  auricles  are  as  one  : 
the  two  ventricles  both  deliver  their  blood  in- 
to one  vefTel,  the  aorta  :  the  two  ventricles  are 
as  one  :  the  blood  arrives  by  the  cavas,  fills  the 
right  auricle,  and  in  the  fame  manner  fills 
through  the  foramen  ovale  the  left  auricle  ;  fo 
that  the  auricles  are  as  one,  and  filled  by  one 
ftroke.  The  two  auricles  acl:  at  once,  and  fo 
the  ventricles  alfo  are  filled  by  one  ftroke  :  the 
aorta  receives  the  blood  of  both  ventricles  at 
one  ftroke ;  fo  that,  in  the  ftri&eft  fenfe  of 
the  word,  the  fcetus  has  but  one  fingle  heart." 
P.  185. 

It  is  very  true  that  the  fcetus  has  but  one 
fingle  heart.  The  comparative  fmallnefs  of  the 
wafte  it  fuftains  renders  it  uhneceffary  that  the 
motion  of  the  blood  fhould  be  fo  rapid  as  in 
the  adult,  where  the  wafte  of  the  fyftem  is 
very  confiderable.  The  conclulion  therefore 
is  an  erroneous  one,  which  fuppofes  that  the 
ductus  arteriofus  is  efpecially  defigned  "  to 

give 
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give  to  the  blood  of  the  aorta  the  propelling 
power  of  both  ventricles." 

If  this  were  the  defign  of  this  conftruction, 
the  confequence  would  be,  that  the  motion  of 
the  blood  through  the  foetal  fyftem  would 
be  much  more  rapid  than  it  is  through  the 
adult ;  and  inftead  of  a  portion  of  the  blood 
flowing  from  the  right  auricle  through  the 
foramen  ovale  to  the  left,  the  whole  would 
go  to  the  right  ventricle,  in  order  that  its 
contractile  power  might  be  more  eminently 
exerted  by  a  more  abundant  quantity  of 
blood. 

That  the  motion  of  the  blood  in  the  foetal 
fyftem,  is  much  flower  than  it  is  in  the  adult, 
is  evident  to  every  man  who  has  paid  any 
attention  to  the  fubject  :  the  contractions  of 
the  heart  are  fo  imperceptible  and  eafy,  that 
they  generally  cannot  be  detected  ab  externo  : 
it  is  not  until  the  foetal  fyftem  has  been  roufed 
and  excited,either  in  confequence  of  the  action 
of  refpiration,  or  from  the  operation  of  ex- 
ternal caufes,  that  the  contraction  of  the  heart 
is  increafed,  that  it  becomes  equal  to,  and  even 
exceeds,  what  we  behold  it  in  the  adult.  I 
have  frequently  known  the  puliation  of  the 
funis  not  more  than  fifty  ftrokes  in  a  mi- 
vol.  11.  D  nute, 
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nute,  whilft  the  maternal  pulfe  was  at  one 
hundred. 

In  natural  cafes  of  parturition,  where  the 
child  is  expelled  immediately  after  the  mem- 
branes have  been  ruptured,  if  the  hand  be  ap- 
plied to  the  region  of  the  heart  before  refpi- 
ration  has  taken  place,  no  pulfation  is  then  to 
be  felt.  Some  addrefs  is  here  neceffary  ;  for,  if 
refpiration  has  begun,  or  the  liquor  amnii  has 
been  completely  evacuated,  the  action  of  the 
heart  is  confiderably  increafed,  and  may  be 
diftinctly  felt;  and  I  have  frequently  obferved, 
in  preternatural  cafes  of  parturition,  where  it 
was  neceffary  to  rupture  the  membrane  and 
turn  the  child,  that  the  pulfation  of  the  heart 
could  not  at  firft  be  difcovered  by  the  applica- 
tion of  the  hand  to  the  region  of  the  heart ; 
although  in  other  cafes,  where  the  membranes 
had  been  ruptured  and  the  liquor  amnii  eva- 
cuated, the  pulfation  of  the  heart  could  be  dif- 
tin&ly  felt.  This  appears  to  me  to  be  an  action 
produced  in  confequence  of  the  irritation  which 
the  foetal  fyftem  has  fuftained  from  the  lofs  of 
the  medium  in  which  it  was  accuflomed  to  re- 
fide,  or  from  an  increafed  excitement,  owing 
to  the  contraction  of  the  uterus  upon  the  body 
of  the  foetus. 

A  lady 
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A  lady  under  my  care  was  taken  in  labour : 
the  membranes  broke  in  the  ufual  way,  and 
delivery  was  effected  by  one  pain:  on  ap- 
plying my  hand  to  the  region  of  the  heart 
before  refpiration  began,  no  pulfation  what- 
ever could  be  perceived.  Refpiration  took 
place ;  the  pulfation  of  the  heart  was  then  felt 
and  continued.  This  lady  had  twins;  and  as 
it  frequently  happens  that  the  fecond  child  is 
born  with  the  membranes  entire,  I  therefore 
waited  patiently  for  the  event  of  the  pain.  One 
pain  not  only  expelled  the  child,  but  the  whole 
ovum  with  it.  I  put  the  whole  in  a  proper 
veffel,  and  carried  it  to  the  table,  where  I  had 
a  moft  perfect  opportunity  to  feel  the  region  of 
the  heart,  through  the  membranes,  which  I  left 
perfect  and  undivided.  After  having  afcer- 
tained  with  the  utmoft  attention  that  the  heart 
either  did  not  contract,  or,  if  it  did  contract,  that 
it  did  it  fo  faintly  as  not  to  be  felt;  I  conclud- 
ed either  that  the  child  was  ftill-born,  or  that 
there  was  little  or  no  contraction  of  the  heart. 
I  therefore  continued  my  hand  on  the  left  fide 
of  the  thorax,  extending  my  fingers  under  the 
diaphragm  ;  I  then  feparated  the  membranes, 
with  a  view  of  admitting  the  external  air. 

D  2  Refpiration 
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Refpiration  immediately  began,  and  three  very 
full  and  diftinct  ftrokes  at  pretty  confiderable 
intervals  took  place,  and  an  exceflively  quick 
and  fmall  pulfe  fucceeded,  as  is  ufual  on  fuch 
occafions.  Three  other  cafes  of  a  fimilar  kind 
have  fallen  under  my  obfervation,  and  I  con- 
ceive the  fad  perfectly  afcertained. 

In  many  of  the  cafes  where  this  pulfation 
could  be  felt,  it  was  at  frrft  remarkably  flow, 
although  that  of  the  mother  was  remarkably 
quick.  That  the  exiftence  of  a  ductus  arte- 
riofus  is  not  with  a  view  of  increafing  the 
force  by  which  the  blood  is  conveyed,  is  fur-  - 
ther  proved  from  the  power  which  the  veffels 
alone  poffefs  of  performing  that  office,  where 
no  heart  is  found  to  exift  ;  and  finally,  by  the 
provifion  which  the  fyftem  poffeffes,  of  con- 
veying the  blood  without  this  increafed  power. 
It  is  with  a  view  to  this,  that  the  blood  is  re- 
turned by  arteries ,  and  not  by  veins; — by  ar- 
teries, in  order  that  they  might  convey  the 
refiduary  quantity  of  the  blood,  without  the 
neceffity  of  any  increafed  action  of  the  heart. 

The  iliac  arteries,  inftead  of  proceeding  to 
the  inferior  part  of  the  foetal  fyftem,  diftribute 
a  few  veffels  only  to  the  pelvis  and  neighbour- 
ing: 
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ing  parts  :  the  two  arteries  then  take  a  curved 
direction  on  the  fide  of  the  bladder  of  urine, 
pafs  through  the  umbilicus  of  the  foetus,  and 
have  confequently  received  the  appellation  of 
umbilical  arteries. 

The  umbilical  arteries  become  enveloped  by 
the  fame  membrane  as  the  umbilical  vein,  and 
the  whole  taken  together  conftitute  the  funis, 
or  navel-ftring.  Thefe  arteries  are  in  general 
much  larger  than  the  vein,  and  for  the  moft 
part  are  found  taking  a  fpiral  turn  round  it 
until  their  final  termination  in  the  placenta. 

Although  the  umbilical  arteries  have  the 
fame  construction  which  we  behold  arteries  in 
general  poifefs,  it  appears  that  they  differ  from 
them  in  the  mode  of  their  termination :  in- 
stead of  terminating  by  an  exhalant  outlet  and 
a  returning  vein,  it  does  not  appear  that  they 
poflefs  any  exhalant  outlet  whatever:  the 
branches  either  inofculate  with  each  other,  or 
terminate  in  umbilical  veins  alone.  That  this 
is  the  conftruclion  of  thefe  parts,  and  that 
the  umbilical  arteries  have  no  open  extremity 
either  in  or  upon  the  placenta,  is  proved  from 
the  effect  of  injection. 

I.  If  one  of  the  umbilical  arteries  be  in- 
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jected,  no  part  of  the  injection  becomes  extra- 
vafated  on  the  furface  of  the  placenta,  unlefs  it 
be  from  a  rupture  of  the  veffel. 

2.  That  they  have  frequent  anaftamofes 
with  each  other,  is  evident  from  this,  that  by 
injecting  one  of  them  the  others  become  com  - 
pletely filled. 

3.  That  the  umbilical  arteries  have  a  direct 
communication  with  the  umbilical  veins  is 
proved  alfo  from  hence,  that  if  an  injection  be 
forced  into  the  artery,it  will  not  only  diftend  and 
fill  the  vein,  but  the  whole  of  the  foetal  fyftem. 

Thus  then  it  appears  that  the  placenta  conT 
ftitutes  the  organ  in  which  the  motion  of  the 
blood  terminates,  and  confequently  that  it 
is  from  thence  it  has  its  origin:  it  ends  at 
the  extremity  of  the  umbilical  artery,  and 
begins  at  the  open  orifices  of  the  umbilical 
vein.  The  nutritious  matter  which  the  um- 
bilical veins  abforb  from  the  fcetal  placenta, 
affords  a  conftant  fupply  of  frefh  materials  far 
the  evolution  of  the  fcetal  fyftem,  without  the 
action  of  its  own  refpiratory  or  chylopoetic 
organs:  it  is  this  maternal  blood,  which  had 
been  afiimilated  by  the  fcetal  placenta  to  the 
nature  of  the  fcetal  fyftem,  that  conftitutes  the 

fource 
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fource  from  whence  the  foetus  is  fupplied  :  and 
where  the  blood  is  in  the  pureft  ftate  in  which  it 
can  be  conceived,  it  is  then  generally  of  a  crim- 
fon  colour,  fimilar  to  the  arterial  blood  of  the 
adult.  The  wafte  it  fuftains  of  the  pureft  and 
beft  parts  of  the  whole,  from  the  exhalant  ter- 
mination of  the  arteries,  in  fupplying  the  foetal 
fyftem,  produces  a  conftant  deterioration  of 
the  reft  ;  and  it  progreflively  lofes  this  crim- 
fon,  and  afliimes  a  purplifh  colour.  A  necef- 
fity  therefore  exifts,  that  it  mould  be  kept  in  a 
ftate  of  conftant  motion,  in  order  that  every 
part  may  recover  the  lofs  it  fuftains,  and  re- 
ceive a  proper  ftate  of  melioration  from  the 
placenta.  Such  however  is  the  fmallnefs  of  the 
wafte  it  undergoes  in  the  foetal  ftate,  where 
evolution  alone  exifts,  without  fpecific  organic 
action,  when  compared  to  the  adult,  where 
there  is  evolution  and  fpecific  action  together, 
that  the  neceftity  exifts  that  a  portion  only  of 
the  whole  fhould  return  through  the  umbili- 
cal arteries  to  the  placenta  (not  perhaps  one 
third  part  of  the  reft). 

This  organizing  procefs  continues  for  nine 
calendar  months  after  the  foetus  has  been  ge- 
nerated, before  it  is  fufficiently  perfected  to  re- 
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fift  the  operation  of  the  external  caufes  by 
which  it  is  affailed,  and  to  affimilate  the  crude 
and  inanimate  fubftances  on  which  it  is  def- 
tined  to  feed.  When  we  reflect  on  the  evo- 
lution which/the  foetus  has  fuftained  daring 
the  period  above  mentioned,  we  muft  confefs 
that  its  living  power  was  mod  active,  and  that 
the  nourifhment  which  the  maternal  fyftem 
conveyed  was  particularly  adapted  to  the  na- 
ture of  the  foetal  fyftem.  The  foetus  feems 
to  obtain  an  almoft  total  increafe,  without  fuf- 
fering  fcarcely  any  wafte ;  the  whole  of  the 
matter  which  the  exhalant  arteries  depofit 
becomes  organized,  and  the  paucity  of  excre-r 
tory  matter,  which  the  excretory  organs  con- 
tain, proves  that  the  organization  permanently 
remains  *. 

*  The  bladder  of  urine,  during  the  whole  period  of  gef- 
tation,  does  not  receive  more  than  two  or  three  ounces  of 
urine  ;  and  there  is  no  other  refervoir  in  which  it  can  be 
contained.  Indifferent  quadrupeds,  more  efpeciallyof  the 
larger  clafs,  there  is  an  additional  refervoir  for  the  recep- 
tion of  the  excretory  matter  which  is  produced  :  there  is  a 
canal  that  arifes  from  the  fundus  of  the  urinary  bladder, 
called  arachus,  and  which  terminates  in  a  membranous 
fac  called  alantois,  it  is  fituated  between  the  chorion  and 
amnion,  and  which  increafes  in  magnitude  according  to 
the  period  of  geftation. 

The 
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The  foetus  is  placed  in  the  beft  poffible  pof- 
ture  that  can  be  conceived  ;  the  head  lies  in- 
verted towards  the  cervix  uteri,  the  chin 
refting  upon  the  thorax :  the  arms  are  ap- 
plied clofe  to  the  fides,  and  the  fore-arms 
inflected  upon  the  arms  ;  the  palms  of  each 
hand  and  fingers  filling  the  hollow  of  the 
neck :  the  thighs  are  drawn  up  towards  the 
Banks  ;  and  the  legs  tucked  up  under  the 
thighs  :  the  fpine,  which  admits  of  a  confi- 
derable  curvature,  gives  to  the  whole  a  globu- 
lar form ;  a  form  the  moft  perfect  that  can  be 
conceived  j  comprehending  within  its  circum- 
ference the  greateft  poffible  fpace  that  can  be 
meafured,  and  in  which  the  whole  is  contained. 

The  changes  alfo  which  the  uterus  itfelf  un- 
dergoes are  not  lefs  ftriking  :  it  enlarges  in 
magnitude  in  proportion  to  the  evolution 
which  the  foetus  fuftains  :  the  neck  of  the 
uterus,  which  in  the  virgin  ftate  evidently  pro- 
jected beyond  the  body,  progreflively  lofes  in 
the  impregnated  ftate  this  projecting  point,  and 
ultimately  aflumes  a  regular  oval  figure.  This 
alteration,  however,  does  not  take  place  at  the 
early  period  of  geftation  ;  the  alteration  is  ap- 
parent after  the  fifth  month  ;  it  proceeds  more 
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rapidly  from  the  fifth  to  the  feventh  month, 
than  from  the  feventh  to  the  ninth  :  at  the 
feventh  month,  two  thirds  of  this  projection 
have  difappeared,  and  at  the  ninth  month  no- 
thing but  a  fmall  tubercular  ftructure  is  ap- 
parent. 

The  uterus  is  fituated  at  firft  within  the  ca- 
vity of  the  pelvis  j  it  preferves  this  fituation 
for  the  three  firft  months  after  impregnation : 
but  in  proportion  as  the  evolution  of  the  ovum 
takes  place,  the  uterus  fympathizes  with  the 
whole,  and  fuftains  a  considerable  degree  of 
enlargement ;  inftead  of  being  deprelfed  by  the 
increafed  weight  it  has  to  fuftain,  it  progreflive- 
ly  rifes  above  its  ufual  fituation :  at  the  third 
or  fourth  month,  the  os  uteri,  inftead  of  being 
placed  in  the  centre  of  the  pelvis,  is  nearly 
on  a  level  with  the  brim  :  at  the  fifth  month, 
the  fundus  uteri  is  half  way  between  the  brim 
of  the  pelvis  and  the  umbilicus  :  at  the  fixth 
month,  it  is  as  high  as  the  umbilicus  itfelf :  at 
the  eighth  month,  the  fundus  is  midway  be- 
tween the  umbilicus  and  diaphragm  ;  and  at 
the  ninth  month  it  has  afcended  as  far  as  the 
diaphragm  itfelf. 
The  diftenfion  that  the  gravid  uterus  fuftains, 
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(does  not  proceed  from  the  fame  caufes  that  we 
behold  in  inanimate  matter,  where  an  ^in- 
creafe of  dimenfion  produces  a  diminution  of 
thicknefs :  on  the  contrary,  in  proportion  as 
the  uterus  increafes  in  dimenfion,  the  increafe 
of  thicknefs  progrefTively  follows ;  fo  that, 
when  the  full  period  of  geftation  is  attained, 
it  is  very  fubftantial  in  its  fabric. 

It  is  not  the  fubftance  of  the  uterus  alone 
that  undergoes  the  increafe  of  evolution,  but 
the  veffels  alfo  with  which  it  is  fupplied :  thefe 
veffels  become  fo  much  enlarged,  that  they 
have  in  confequence  obtained  the  name  of 
iinufes  :  they  purfue  a  torquated  or  ferpentine 
courfe,  in  order  that  the  momentum  of  the 
blood  may  be  weakened,  as  it  might  otherwife 
endanger  trie  ovum,  which  it  is  deftined  to 
fupply. 

When  we  rerlecT:  on  the  amazing  alteration 
which  thefe  different  organs  undergo,  the  mind 
is  feized  with  aftonifliment :  it  confeffes  that 
the  whole  is  the  work  of  a  Divine  Artificer, 
that  alone  can  poffefs  the  mighty  power  of  ela- 
borating, out  of  means  at  firft  fo  flender  and 
fimple,  a  fabric  fo  wonderful  and  intricate  in 
all  its  parts. 

Of 
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When  the  full  period  of  geftation  is  accom- 
plifhed,  the  harmony  that  fubfifted  between 
the  containing  and  contained  parts,  between 
the  uterus  and  the  ovum,  entirely  ceafes.  It 
is  probable  that  it  ceafes,  becaufe  the  time 
deftined  for  the  evolution  of  both  is  expired  ; 
fo  that  the  action  of  the  uterus  is  excited 
from  this  caufe,  rather  than  from  the  effect  of 
over  diftenfion. 

We  have  frequent  inftances  where  parti- 
cular organs  are  excited  at  particular  periods, 
and  where  that  excitement  is  limited  and  de- 
fined in  its  duration  :  it  is  efpecially  the  cafe 
with  the  uterus  itfelf,  in  the  procefs  of  men- 
ftruation.  The  acceffion,  return,  and  dura- 
tion of  this  function  in  the  healthy  ftate  is  fo 
regular,  that  many  women  know  the  minute 
almoft  when  it  begins  and  ends.  Why  not 
then  fuppofe  that  the  period  neceflary  for  the 
evolution  of  the  uterus  is  equally  limited  and 
defined ;  and  that  it  has  fuftained  the  acme  of 
its  growth,  at  the  expiration  of  nine  calendar 
months  after  conception  has  taken  place?  From 
the  fympathy  that  fubfifts  between  the  ovum 
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and  the  uterus,  it  is  very  probable,  that  this  is 
the  period  which  is  efpecially  defigned  for 
foetal  exiftence ;  fo  that  when  the  foetus  has 
attained  the  acme  of  perfection,  the  uterus  it- 
felf  has  fuftained  the  full  diftenfion  of  which 
it  is  fufceptible  :  it  therefore  acts  according  to 
the  power  which  it  inherently  poffefles.  This 
power  is  refident  in  the  mufcularity  of  its  fa- 
bric ;  by  the  energy  of  which,  a  partial,  and 
afterwards  a  general  contraction  of  thefe  fibres 
takes  place.  The  contractions  at  firft  begin  at 
the  fundus  uteri,  and  progreffively  extend  to- 
wards the  cervix ;  they  begin  at  diftant,  and 
are  repeated  at  frequent  intervals  :  thefe  inter- 
vals become  gradually  fhorter,  and  the  forces 
of  the  contractions  increafe  in  power.  The 
changes  which  the  os  uteri  undergoes,  prove 
the  effect  they  have  upon  that  part :  inftead 
of  continuing  impervious  as  before,  it  gra- 
dually dilates,  and  the  membranes,  by  which 
the  foetus  is  inverted,  are  found  progreffively 
to  protrude. 

In  proportion  as  the  contraction  of  the  ute- 
rus increafes,  its  internal  dimenfion  progref- 
fively decreafes  :  the  foetus  therefore  becomes 
gradually  forced  into  the  cavity  of  the  pelvis  : 
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the  diaphragm  and  abdominal  mufcles  all  co-> 
operate,  by  their  action,  to  diminim  the  ca- 
pacity of  the  abdominal  cavity,  and  to  force 
the  uterus  into  the  pelvis  ;  the  contraction  of 
the  uterus  ultimately  overcomes  the  refift- 
ance  which  its  contents  afford,  the  membranes 
burft,  the  liquor  amnii  is  difcharged,  and  the 
child,  placenta,  &c.  become  ultimately  ex- 
pelled through  the  pelvis,  from  its  refidence 
in  the  maternal  fyftem.  The  labour  and  an- 
guifh  of  the  parent,  till  that  awful  and  im- 
portant procefs  is  accomplished  j  the  difeafe  that 
fometimes,  and  the  weaknefs  that  always  fuc- 
ceeds  ;  the  lamentation  and  cries  of  the  in- 
fant as  foon  as  it  is  born,  all  prove  the  fenfi- 
bility  and  weaknefs  of  the  human  frame. 
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CHAP.  II. 

on  predisposition  in  general. 

Predifpofition  exifts  before  organic  affion,  as  in  the  fatal  lungs 
and  other  fatal  organs— predifpofition  is  a  power  of  offing, 
before  affion  has  taken  plact — this  power  requires  a  proper 
fubjeft  matter  on  which  to  operate — the  lungs  require  air, 
the  Jlomach  food,  &c.  &c.—the  energy  of  this  power  affing 
on  theft fubjlances  produces  action — the  affions  of  healthy  t*f  c, 
— predifpofition  to  difeafe,  what — affions  of  difeafe — the 
Brunonian  doffrine  of  predifpofition,  &c. 

If  the  animated  fyftem  be  examined,  and 
compared  in  the  mode  of  its  fubfiftence  in 
the  foetal  and  in  the  adult  ftate,  a  great  and 
ftriking  difference  is  found  to  fubfift  between 
both.  Such  is  the  harmony  that  fubfifts  be- 
tween the  fcetus  and  the  medium  in  which  it 
is  fituated,  that  the  whole  is  in  a  paflive  con- 
dition. The  thorax  is  deprelTed,  and  accom- 
modated to  the  collapfed  condition  of  the 
lungs;  the  abdominal  mufcles  are  relaxed,  and 
in  harmony  with  the  parts  they  enclofe  :  the 
various  mufcles  by  which  the  motions  of  the 
jaw  are  produced,  are  paflive  alfo  ;  fo  that  no 
part  of  the  liquor  amnii  can  be  introduced  into 
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the  mouth  ;  the  various  organs  of  cohfcioufnefs 
and  of  fenfe  are  deftiture  of  the  energy  they  are 
found  fo  eminently  to  difplay  in  the  adult  flate. 
The  extremities  alone — the  parts  that  are  more 
immediately  deftined  to  be  the  inftruments  of 
voluntary  motion,  feem  occafionally  to  act  by 
virtue  of  the  fpecific  power  they  poffefs  ;  as 
is  evident  by  the  fenfation  which  the  mother' 
feels,  and  of  which  they  are  evidently  the  im- 
mediate caufe  *. 

Although  thefe  different  organs  are  in  a 
paffive  flate,  no  doubt  can  exift  but  that  they 
poffefs  a  capacity  to  atl ;  and  that  they  only 
require  proper  fubjects  on  which  that  capa- 
city may  be  exerted,  and  difplayed  in  the 
production  of  action.  It  is  this  capacity  of 
action, — of  the  eye  to  fee,  of  the  ear  to  hear, 
of  the  tongue  to  tafle,  of  the  nerves  to  feel, 
of  the  lungs  to  refpire,  of  the  ftomach  to  di- 
geft,  &c.  &Ci  &c. — which  I  denominate  pre- 
disposition. 

*  Whether  thefe  movements  proceed  from  the  irrita- 
tion -w  hich  the  nerves  of  fenfe  fuftain,  when  they  come  in 
contadl  with  the  uterus,  without  the  intervention  of  the 
liquor  amnii,  or  whether  it  be  a  beginning  of  voluntary- 
power  which  the  mind  exerts,  is  a  queftion  I  am  not  ac 
prefent  prepared  to  decide. 

Predifpofition 
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Predifpofition  therefore  appears  to  be  a  ftate 
of  dormant  power,  or  a  capacity  of  power; 
it  refembles  the  fpring  coiled  up,  before  it  re- 
ads, by  virtue  of  the  elafticity  inherent  in  it: 
it  refembles  the  impreflion  engraved  on  the 
feal,  before  it  is  participated  by  the  wax  ;  it  is 
like  the  gun-powder  before  it  detonates  and 
explodes.  The  gun-powder  poffefTes  the  ca- 
pacity to  explode,  the  feal  to  imprefs  figures, 
and  the  fpring  to  re-act.  This  ftate,  how- 
ever, of  capacity  is  very  different  from  the 
ftate  of  energy  and  action,  when  the  various 
phenomena  of  explofion,  of  impreflion..  and 
of  re-action  are  produced  :  thefe  different  bo- 
dies, in  which  thefe  powers  in  capacity  refide, 
require  certain  circumftances  external  to  them- 
felves  for  the  difplay  of  thofe  powers :  for 
example,  the  fpring  requires  an  unrefifting 
medium,  (a  medium  with  fmall  refiftance)  ; 
the  feal,  a  fubject  matter,  in  confiftency  foft 
and  yielding;  and  the  gun-powder  requires  a 
particular  condition  of  the  atmofphere.  In  like 
manner,  the  power  which  the  animated  fyftem 
inherently  and  eftentially  contains,  demands 
a  certain  temperature  in  the  medium  in  which 
it  refides ;  particular  fpecies  of  food,  and  par- 
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ticular  conditions  of  it,  before  that  power,  paf- 
five  and  dormant,  can  become  power  active, 
and  the  phsenomena  produced  of  organic  ac- 
tion. 

The  dormant  power  which  the  organs  pof- 
fefs  would  never  have  been  roufed,  and  the 
phenomena  of  organic  action  produced,  if  the 
organs  had  not  proper  fubftances  on  which  to 
operate  :  a  proper  aptitude,  therefore,  and  fit— 
nefs  in  the  fubftances  which  the  different  or- 
gans receive,  becomes  effentially  neceffary ; 
and  it  is  then  that  the  ftate  of  predifpofi- 
tion,  or  of  dormant  power,  becomes  a  ftate  of 
power  active,  and  the  phenomena  of  living 
action  enfue  :  it  is  in  this  power  which  the 
fyftem  altogether,  or  the  different  organs  in 
particular  feverally  poftefs,  either  of  operating 
upon,  or  in  refilling  the  operation  of  external 
fubftances,  that  the  fyftem  may  be  faid  to  pof- 
fefs  a  predifpofttion  to  health.  The  powers  of 
prefervation  and  of  refiftance  are  not  only 
limited  and  confined ;  but  they  vary  in  differ- 
ent conftitutions,  and  in  different  parts  of  the 
fame  conftitution  at  different  times.  Some 
conftitutions  poffefs  the  predifpofttion  to  health 
in  fo  eminent  a  degree,  that  they  pafs  through 
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the  long  courfe  of  a  long  life  in  the  undif- 
turbed  enjoyment  of  it.  If  the  predifpofition 
of  the  organs  in  general  be  examined,  it  is 
found  that  particular  organs  are  predifpofed  to 
act  upon  particular  fubftances;  the  lungs  are 
predifpofed  to  act  upon  the  air ;  the  ftomach 
upon  animal  and  vegetable  matter,  and  on  fluids 
of  various  kinds;  the  la&eals  upon  the  chyle; 
the  glands  upon  the  blood ;  the  bladder  upon 
the  urine;  the  inteftines  upon  the  faeces,  &c. 
&c.  So  long  as  this  relation  continues  to 
fubfift,  of  power  in  the  organs,  and  aptitude 
in  the  fubject  matter,  health  is  preferved  and 
difeafe  prevented:  the  relation  therefore  which 
the  animated  fyftem  in  a  healthy  Jlate  bears  to 
things  external^  is  the  relation  of  Jlre?igth  and 
of  poicer ;  and  the  relation  which  external 
things  bear  to  the  healthy  ftate,  is  that  of 
aptitude  alone. 

Of  Aptitude. 

The  neceffity  of  a  proper  aptitude  to  be 
acted  upon  in  the  matter  which  is  expofed  to 
the  adion  of  the  living  fyftem,  is  proved  by 
the  difference  that  fubfifts  in  the  quality  of  the 
nourifhment  which  different  fyftems,  and  va- 
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rious  parts  of  the  fame  fyftem,  demand.  In 
the  fetal  ftate,  whilft  the  evolution  of  the  fyf- 
tem was  taking  place,  and  before  the  organs 
had  acquired  the  power  of  acting,  the  embryo 
received  nourifhment  at  once  properly  pre- 
pared, without  the  action  of  its  own  affirnilat- 
ing  organs. 

It  is  with  a  view  to  the  neceffity  of  apti- 
tude, that  Providence  has  fupplied  the  maternal 
fyftem  with  organs  that  produce  a  fluid  fitted 
to  be  acted  upon  by  the  infant  ftomach,  for 
the  nourifhment  and  fupport  of  the  infant 
frame.  As  foon  as  parturition  therefore  is 
accomplished,  an  increafed  action  takes  place 
in  the  breafts  *.  The  glandular  parts  con- 
vert 

>:  When  Laurence  Sterne  ufed  to  examine  himfelf 
naked  in  the  looking-glafs,  and  contemplate  the  ufes  for 
which  the  different  organs  he  beheld  were  defigned,  he 
could  eafily  account  for  the  exiftence  of  all,  his  nipples 
alone  excepted :  the  exiftence  of  thefe  ufed  to  caufe  him 
the  greateft  perplexity  of  mind,  becaufe  he  never  could 
find  any  ufe  for  them.  He  thought  them  of  -ho  more  ufe 
to  him,  than  they  are  to  thofe  mothers  who  do  not  fuckle 
their  own  children  when  they  have  health  and  ftrength 
equal  to  the  talk. 

It  however  appears  to  me,  that  if  Sterne  had  ftudied 
the  uniformity  with  which  Providence  proceeds  in  all  its 
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vert  the  blood  they  receive  into  milk  •  if  it 
were  poffible  to  analyfe  the  fluid  which*  the 
foetal  placenta  has  affimilated,  and  if  we  could 
compare  its  properties  with  that  of  milk,  I  am 
perfuaded  that  there  would  be  found  to  fubfift 
a  confiderable  analogy  between  both,  becaufe  it 
is  the  firft  tranfition  which  the  foetus  undergoes 
in  the  mode  of  its  fubfiftence,  between  living 
on  matter  immediately  prepared  by  means  of 

operations,  and  the  gradual  difference  that  fubfifts  be- 
tween the  different  links  in  the  chain  of  animated  exift- 
ence,  he  would  have  feen  that  there  is  a  necefiity  for 
a  fyftem  where  the  breads  fhould  fubfift,  without  being 
of  any  particular  ufe.  Of  all  the  mammalia  clafs,  the 
human  female,  in  this  reflect,  is  the  moft  imperfect. 
If  the  chain  ended  with  her,  either  {he  would  be  defti- 
tute  of  a  bread,  or,  if  fhe  poffeffed  one,  it  would  be  like 
that  of  the  male  ;  if  fhe  were  deftitute  of  this  organ,  her 
very  nature  would  be  changed,  and  fhe  would  probably 
belong  to  fome  of  the  lower  order  of  animated  beings  ; 
and  if  fhe  poffeffed  one  like  that  of  the  male,  it  would 
be  of  no  fervice  :  the  chain  of  difference,  therefore,  does 
not  ftop  at  the  female,  where  the  mammje  are  wanted 
for  the  nourifhment  of  the  offspring-,  but  it  proceeds 
to  the  male,  where  it  ultimately  terminates,  and  is  of 
no  other  ufe  to  him,  than  that  of  preferving  the  regula- 
rity in  the  chain  of  animated  exigence,  from  the  higheft 
to  the  loweft,  from  the  moft  perfect  to  the  moll  im- 
perfect. 
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its  auxiliary  organs,  which  is  at  once  converted 
into  blood  ;  or  receiving  matter  from  the  mo- 
ther, which  muft  be  firft  allimilated  to  the 
nature  of  its  own  fyftem,  by  the  action  of  its 
own  organs.  In  the  foetal  fyftem,  therefore, 
blood  is  formed  immediately  by  the  power  of 
the  placenta  alone  :  in  the  adult  ftate,  it  cannot 
be  formed  without  the  medium  of  different  or- 
gans, of  the  lungs  in  particular,  and  chylo-r 
poetic  organs  in  gtneraj, 

In  proportion  as  the  infant  fyftem  acquires 
ftrength  and  perfection,  the  ftomach  pofferTes 
the  capacity  to  act:  upon  food  of  a  more  folid 
nature  :  an  evolution,  therefore,  of  the  teeth 
enfues,  in  order  that  the  matter  received  may 
be  comminuted  and  mafticated,  rendered  apt 
and  fit  for  the  ftomach  to  afiimilate.  The 
power  in  the  infant  fyftem  of  living  on  folid 
matter,  points  out  the  propriety  of  abandoning 
its  former  mode  of  fubfiftence  ;  inftead,  there- 
fore, of  living  by  ruction,  as  it  ufed  to  do,  and 
for  which  purpofe  its  lips  and  gums  were 
efpecially  calculated,  it  employs  the  teeth  with 
which  it  is  fupplied,  and  fubfifts  on  fluid  and 
folid  food  together. 

"When  we  reflect  on  the  gradual  evolution 

which 


OF  APTITUDE 


55 


which  the  teeth  fuftain,  the  delicacy  and 
weaknefs  of  the  firft  fet,  we  muft  neceflarily 
conclude,  that  none  but  fuch  food  as  is  eafy 
of  comminution  ought  to  be  introduced,  as 
alone  poflefiing  the  aptitude  to  be  acted  upon 
by  the  infant  ftomach.  But  when  the  evolu- 
tion of  the  fyftem  is  further  advanced,  and 
more  efpecially  when  it  has  attained  its  ftan- 
dard  of  perfection,  the  milk  teeth  drop  off, 
and  another  fet  more  compact  and  durable  than 
the  former  fupply  their  place,  in  order  that  the 
various  and  difcordant  fpecies  of  food  to  which 
the  mental  appetite  is  difpofed  to  indulge,  may 
be  rendered  apt  and  fit  for  the  action  of  the 
ftomach.  On  the  contrary,  at  the  period  of  old 
age,  when  the  powers  of  the  fyftem  are  verg- 
ing to  decay,  the  ftomach  in  general  firft  feels 
the  change.  The  teeth  perifh,  not  only  becaufe 
the  mufcular  powers  by  which  they  are  moved 
are  not  fufficiently  ftrong  to  mafticate  food  of 
a  nature  too  folid,  but  becaufe  the  ftomach  is 
too  weak  alfo  to  digeft  and  aftimilate  it  into 
chyle.  The  teeth  and  mouth  therefore  are 
efpecially  deftined  to  prepare  food  from  with- 
out, and  make  it  in  harmony  with  the  parts 
within,  that  it  may  poflefs  the  aptitude  to  be 
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acted  upon,  and  qualified  to  be  afllmilated  into 
blood.  The  chylopoetic  organs  are  therefore 
deftined  to  perform  the  fame  function  on  food, 
as  the  maternal  portion  of  the  placenta  upon 
the  blood.  The  maternal  placenta,  as  we  have 
feen,  conveys  nourishment  that  poffeffes  the 
ftrongeft  poffible  aptitude  to  be  converted  into 
fcetal  blood,  and  which  is  perfected  by  the 
medium  of  the  fcetal  placenta.  The  guftatory 
and  chylopoetic  organs  together  prepare  and 
affimilate  food,  in  order  that  it  may  be  con-r 
verted  into  blood.  The  difference  confilts  in 
the  fimplicity  ^  by  which  the  one  is  effected, 
and  the  complication  of  the  other.  It  is  by 
the  action  of  the  fcetal  placenta  that  the  ferous, 
fluid  it  receives  from  the  maternal,  is  aflimi- 
lated  into  its  own  nature,  and  blood  actually 
formed.  The  foetus,  therefore,  makes  blood 
immediately  ;  the  adult  does  it  by  different 
media.  The  chylopoetic  organs  prepare  only 
the  food  for  the  lungs  to  perfect,  fo  that  it  is 
by  the  combined  action  of  the  chylopoetic  and 
refpiratory  organs  together,  that  blood  is  form- 
ed ;  as  it  is  by  the  combined  action  of  the 
two  portions  of  the  placenta,  that  foetal  blood 
is  produced.    Great,  therefore,  is  the  error  of 
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thofe  who  fuppofe  that  the  placenta  performs 
the  office  of  lungs  alone,  merely  for  the  oxy- 
dation  of  the  blood  :  its  office  is  far  more  im- 
portant ;  it  performs  the  double  and  combined 
office  of  chylopoetic  and  refpiratory  organs  to- 
gether. 

Aptitude  necejfary  in  the  Air  which  the  Lungs 

receive. 

T\\q  neceffity  that  fubfifts  of  proper  aptitude 
in  the  food  which  the  Itomach  is  to  receive,  is 
equally  evident  in  the  air  or  fubject  matter 
which  the  lungs  efpecially  demand :  this  ne- 
ceffity is  proved  by  the  different  fpecies  of  air 
which  different  fyftems  require  for  their  nou- 
rishment and  fupport.  The  particular  kinds 
of  air  which  anfwer,  in  the  moft  eminent  de- 
gree, the  purpofe  of  vegetable  evolution,  as 
alfo  of  the  inlet!  tribe,  are  found  particularly 
deleterious  and  deftruc~tive  to  human  exiftence. 
The  former  vegetate  and  flourifh  by  immer- 
non  in  and  ablorption  of  thofe  airs :  in  the 
latter,  a  ceffation  of  all  vital  a&ion  enfues,  it 
perimes  and  dies.  Food,  therefore,  which  con- 
ftitutes  aptitude  for  the  one  fyftem,  is  evi- 
5  dently 
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dently  inaptitude  in  the  other,  arifing  from  the 
different  nature  of  the  living  principle  in  each. 
It  is  owing  to  the  increafed  aptitude  which 
oxygene  poffeffes  to  be  acted  upon  by  the  re- 
fpiratory  organs  of  the  human  fpecies  in  gene- 
ral, that,  although  it  is  involved  with  double 
its  quantity  of  azote,  and  a  fmall  proportion  of 
carbonic  acid  gas,  it  becomes  felected  and  ab- 
forbed  :  on  the  contrary,  the  other  parts  are 
feparated,  and  by  the  collapfe  of  the  bronchia, 
are  expelled  as  deleterious  and  foreign.  So  that 
the  fubftances  received  as  nutritious,  are  not 
only  totally  different  in  different  fyftems ;  but 
the  quality  of  the  matter  which  is  expelled  as 
excrementitious  and  foreign.  Whilft  vegetables 
act  upon  and  devour  azotic  and  carbonaceous 
air,  becaufe  they  poffefs  the  aptitude  to  receive 
the  participation  of  life  of  thofe  particular  fyf- 
terns,  they  are  perpetually  excreting  oxygene, 
becaufe  it  has  not  the  aptitude  to  retain  the  par- 
ticipation of  the  living  principle  which  it  had 
received  :  it  is  therefore  decompofed  in  the  liv- 
ing fyftem  in  which  it  refided,  and  of  which  it 
once  formed  a  part,  and  is  expelled  out  of  it, 
On  the  contrary,  in  the  human  fyftem,  the  car- 
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bonaceous  and  azotic  airs  which  the  different 
parts  of  the  living  fyftem  contain,  are  found 
unapt  to  preferve  and  retain  the  participation 
of  the  living  principle  which  they  had  receiv- 
ed ;  they  therefore  become  perpetually  decom- 
pofed,  and  are  excreted  out  of  it,  through  the 
medium  of  different  organs  which  are  efpe- 
cially  allotted  this  particular  office  ;  viz.  by  the 
terminated  extremity  of  the  pulmonary  arte- 
ries, by  the  exhalant  veffels  fituated  on  the  fur- 
face  of  the  {kin,  and  by  the  power  of  the  kid- 
neys through  the  medium  of  the  urine.  Car- 
bonaceous air  and  nitrogene  therefore  is  azotic 
air  (deadly)  with  refped:  to  the  human  fpecies, 
but  pure  air  with  refpect  to  the  vegetable  fyf- 
tem ;  and  oxygene,  in  fome  cafes,  may  be 
confidered  as  azotic  air,  with  relation  to  fome 
fpecies  of  the  vegetable  creation.  Purity,  there- 
fore, has  the  relation  of  aptitude,  and  impurity 
of  inaptitude  alone  :  but  none  of  thefe  airs  are 
vital  per fe ;  they  only  become  the  lit  fubje&s 
for  the  reception  of  vitality,  which  is  imparted 
to  them  by  the  living  power  of  the  organs  to 
which  they  are  applied. 
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Of  Aptitude  in  the  Medium. 

The  neceffity  of  aptitude  in  the  food  which 
different  fyftems  require  for  their  nourifhment, 
extends  to  the  medium  in  which  they  are  def- 
tined  to  refide. 

It  is  with  a  view  to  this  neceffity,  that  dif- 
ferent iyitems  are  placed  in  different  media, 
according  to  the  efpecial  nature  of  each ;  and 
that  the  degree  of  protection  they  receive, 
correfponds  to  the  power  or  weaknefs  of  their 
living  principle.  Such  is  the  living  power  of 
vegetables,  and  of  the  lower  order  of  animals, 
that  the  ovum  by  which  it  is  contained  be- 
comes feparated  from  the  parent  by  whom  it 
was  produced.  The  parturition  of  vegetables 
is  effected  by  the  rude  blaft  to  which  it  is  ex^ 
pofed,  and  it  afterwards  evolves  in  the  fpot 
where  it  was  depofited.  Fifh  in  general,  and 
moft  of  the  oviparous  animals,  are  expofed  to 
the  fame  deftiny.  it  is  the  higher  order  of 
animals,  whofe  living  principle  demands  the 
protecting  medium  of  the  maternal  fyftem  for 
the  purpofe  of  its  evolution,  until  its  organiza- 
tion is  fufficiently  ftrong  to  refill  the  viciffitude 
of  climates  to  which  it  is  afterwards  expofed. 

When 
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When  we  reflect  on  the  provifion  which  Pro- 
vidence has  made,  in  order  that  the  tranfi- 
tion  of  the  fcetal  into  the  infant  ftate  with 
refpecl:  to  food,  might  be  as  flight  as  poflible 
we  muft  neceflarily  conclude,  that  the  change 
in  the  temperature  of  the  medium  ought  not 
afterwards  to  vary  in  any  confiderable  degree  j 
but  as  the  temperature  of  the  air  is  lower  In 
the  adult  than  what  it  was  in  the  fcetal  flate, 
it  would  appear  reafonable  to  conclude  that  in- 
fants, although  they  mould  be  kept  very  warm, 
ought  not  to  be  kept  in  a  medium  fo  high  as 
they  were  in  before  ;  and  I  am  fatisfled,  that 
with  refpedi  to  temperature,  and  to  the  nature 
of  their  food,  it  ought  to  refemble,  as  far  as  it 
is  poflible,  what  it  was  in  the  foetal  conditionf. 

*  By  the  affinity  that  milk  bears  to  the  matter  which  the 
placenta  conveys. 

|  It  was  my  intention  to  have  inveftigated  the  different 
climates,  and  the  different  fituations  bell  adapted  for  dif- 
ferent fyftems  ;  and,  on  the  contrary,  thofe  that  feemed 
particularly  deleterious  to  their  exiftence.  As  this  fub- 
je£r,  would  neceffarily  extend  to  a  confiderable  length,  al- 
though it  is  certainly  connefted  with  the  prefent  queftion, 
I  muft  decline  it  for- the  prefent. 


of 
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Of  AElion  in  general,  of  Health  in  particular* 

As  foon  as  parturition  is  aecomplimed,  and 
the  foetus  is  depofited  in  a  medium  fitted  for  its 
reception ;  the  different  organs  with  which  it 
is  fupplied,  are  roufed  from  the  ftate  of  predif- 
pofition,  or  of  dormant  capacity,  into  energy 
and  action.    In  proportion  as  the  ftate  of  pre- 
difpofition  departs,  the  ftate  of  energy  accedes. 
The  difference  that  fubfifts  between  both  con- 
fifts  in  this  :  in  the  one  cafe*  the  organs  have 
the  power  to  ad,  without  having  fubftances 
on  which  to  operate ;  in  the  other,  the  power 
which  the  organs  polfefs  is  immediately  called 
forth  by  the  application  of  the  various  fub- 
ftances which  they  demand,  and  upon  which 
their  action  can  be  properly  exerted.  Pre- 
difpofition,  therefore,  in  the  organs,  refembles 
the  fcience  of  the  artift,  whilft  he  is  deprived 
of  the  materials  on  which  his  fcience  can  be 
difplayed  in  the  different  works  of  art :  it  re- 
fembles the  fcience  of  the  painter  without  his 
canvas ;  of  the  mathematician  without  his 
plumb  and  line  :  on  the  contrary,  the  action 
of  the  "  organs  refembles  the  architect  fur- 
niftied  with  materials,  and  actually  employed 

in 
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in  building :  it  refembles  the  painter  occupied 
in  drawing  figures  upon  his  canvas ;  the  ma- 
thematician, when  he  applies  his  fcience  in  the 
very  ad  of  menfuration,  &c.  &c.  The  power 
to  act  therefore  exifted  before  that  power  was 
actually  exerted,  in  the  fame  manner  as  the 
predifpofition  to  act  in  the  lungs,  &c.  exift- 
ed before  action  took  place:  it  only  took 
place  when  the  fubject  matter  (air)  fitted  for 
their  action  was  applied  :  it  was  the  fame  with 
the  ftomach,  by  the  introduction  of  food;  of 
the  eye,  by  the  application  of  the  rays  of  light; 
of  the  ear,  by  the  tremulous  or  vibratory  mo- 
tion, excited  in  the  air  that  is  conveyed  to  the 
internal  ear  by  the  medium  of  the  tympanum  ; 
of  volatile  bodies  to  the  nofe,  through  the  me- 
dium of  the  olfactory  membrane ;  of  fapid  bo- 
dies, through  the  medium  of  the  mucus  and 
cuticle  which  cover  the  tongue ;  of  impreffion, 
through  the  medium  of  the  cuticle  and  cutis 
on  the  cutaneous  nerves.  The  power,  there- 
fore, or  capacity,  is  refident  within.  The 
means  by  which  that  power  is  called  forth  into 
energy  comes  from  without;  the  refult  of  which 
is  the  production  of  organic  ablion. 

The  action  produced  is  not  the  caufe  of  life, 

as 
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as  has  been  falfely  and  erroneoufly  fuppofed, 
but  merely  an  effetl  of  it.  Life,  as  we  have 
feen  before,  may  and  does  fubfift  without  or- 
ganic action,  although  organic  action  cannot 
fubfift  without  the  exiftence  of  life.  Life  had 
a  prior  exiftence  to  the  organization,  and  orga- 
nization itfelf  to  the  action  produced.  Life 
is  the  primary  and  efficient  caufe,  of  which 
organization  is  the  fecondary  or  instrumental 
caufe ;  and  organic  adion  itfelf  is  the  final 
caufe,  which  proceeds  from  the  living  power 
of  the  organs  acting  upon  fubftances  foreign 
to  themfelves,  when  they  po  fiefs  a  proper  apti- 
tude to  be  acted  upon,  So  long  as  this  relation 
continues  to  fubfift,  of  power  in  the  organ  and 
aptitude  in  the  fubject  matter,  the  fyftem  re- 
ceives the  fupply  it  perpetually  demands ;  the 
fenfation  of  health  and  of  ftrength,  fo  delight* 
ful  and  agreeable,  may  be  then  faid  to  exift ; 
on  the  contrary,  when  there  is  a  mal-confor- 
mation  of  the  organs,  or  the  fubject  matter 
applied  to  them  is  either  improper  from  excefs 
or  defect,  or  from  the  nature  of  its  fenfible 
qualities,  difeafe  takes  place. 


Of 
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Of  Predifpofition  to  Difeafe. 

Predifpofition  to  difeafe  exifts  when  the  or- 
gans of  which  the  whole  of  the  fyftem  is  com- 
pofed  are  mal-conformed,  or  when  they  have 
been  compofed  of  matter  that  was  not  fitted 
for  the  nature  of  the  living  power  by  which 
it  was  organized.  For  example,  if  the  mater- 
nal fyftem,  during  the  period  of  geftation,  la- 
boured under  fome  particular  complaints,  fo 
that  the  blood  that  was  conveyed  through  the 
medium  of  the  placenta  pofleffed  deleterious 
properties  ;  no  doubt  can  fubfift,  but  that  the 
foetus  will  fuftain  as  much  injury  in  its  forma- 
tion, as  the  adult  would  do  from  noxious  qua- 
lities in  the  food.  I  am  fure  that  I  have  feen 
cafes  of  this  fort.  It  however  often  happens, 
that  the  maternal  fyftem  is  attacked  with  va- 
rious complaints  during  the  period  of  gef- 
tation, and  yet  the  foetus  is  not  particularly 
affected  by  them.  We  fometimes  fee  particu- 
lar organs  of  the  fame  fyftem  predifpofed  to 
the  prefervation  of  health,  whilft  others  are 
the  very  negative  of  thefe  :  in  fome,  the  lungs 
are  ftrong,  the  ftomach  weak  ;  in  others,  the 
ftomach  ftrong,  the  bladder  weak,  &c.  &c. 

vol.  u.  F  and 
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and  in  particular  cafes  we  occafionally  behold 
a  weakened  and  a  mal-conformed  fyftem  al- 
together* 

When  a  fyftem  thus  predifpofed  is  excited 
into  energy,  the  actions  that  are  produced  are 
difplayed  in  a  manner  languid  and  morbid  ; 
inftead  of  the  fyftem  itfelf  being  perfectly  re- 
newed, and  the  different  organs  performing 
their  functions  as  they  ought,  difeafe  takes 
place  of  various  kinds.    If  this  mal-confor- 
mation  arifes  from  the  conftruction  of  the 
thorax,  the  effect  is  immediately  felt  by  the 
lungs  :  if  the  weaknefs  be  refident  in  the  lungs 
themfelves,  they  have  not  the  power  of  acting 
upon  the  air :  the  confequences  are  therefore 
felt  by  the  blood,  fo  that  every  part  of  the 
body  which  is  fupplied  with  it,  becomes  in 
confequence  affected ;  not  the  glands  alone, 
and  the  .  fluids  which  they  produce,  but  the 
whole  of  the  fimple  folid  alfo.    If  the  mal- 
Conformation  be  refident  in  the  ftomach,  in- 
ftead of  the  food  being  aftimilated  as  it  ought, 
chyle  is  imperfectly  formed,  and  the  blood  is 
confequently  deprived  of  the  conftant  fupply 
it  demands :  if  it  be  the  lacteal  or  mefenteric 
glands,  tabes  and  emaciation  take  place  :  if  it 

be 
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be  the  kidneys  or  bladder,  fablonous  or  calcu- 
lous concretions  are  formed  *  :  if  the  mal-con- 
formation  be  in  the  lymphatic  abforbent  vef- 
fels,  anafarca  enfues  :  if  it  be  in  the  lympha- 
tic glands,  fcrophula  and  rachitis,  &c.  &c. 

When  we  reflect  on  the  fimilitude  that  fre- 
quently fubfifts  between  the  parent  and  the 
offspring,  and  the  different  marks  which  the 
latter  very  often  bears,  and  which  it  evidently 
derives  from  either  one  or  both  parents ;  we 
fhall  naturally  be  led  to  conclude,  that  the  dif- 
ferent organs  of  the  infant  frame  participate, 
in  a  considerable  degree,  the  nature  of  the  pa- 
rent ftock  :  hence  it  is  that  robuft  parents  ge- 
nerally produce  ftrong  and  healthy  children  ; 
and,  on  the  contrary,  weakly  children  are  the 
frequent  iffues  of  unhealthy  parents.  I  know 
feveral  parents  that  have  particular  marks 
about  their  bodies,  and  which  exift  equally  in 
the  children.  In  one  family,  the  mother  was 
born  with  a  flefhy  fubftance  fufpended  from 
the  lobe  of  the  left  ear ;  and  although  it  was 

*  Mr.  Gaitfldll,  an  ingenious  furgeon  of  Rotherhithe, 
lias  informed  me,  that  he  found  in  a  foetus  which  he  had 
an  opportunity  to  open,  a  perfect  calculus  in  the  bladder 
of  urine,  of  the  fize  of  a  fmall  filberd. 

F  2  cut 
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cut  off  In  her  infancy,  three  out  of  five  chil- 
dren have  been  born  with  precifely  the  fame 
fubftance  fubfifting  in  the  fame  part :  why, 
then,  mould  we  deny  that  the  fame  peculia- 
rity of  conformation  may  take  place  in  the 
different  organs  alfo  ?  And  as  our  exiftence  is 
hereditarily  derived  from  our  parents,  in  like 
manner  our  organs  obtain  the  peculiarity  of 
their  ftru&ure  from  them :  fo  that  the  degree 
of  ftrength  and  of  weakneft,  of  health  and  of 
difeafe,  in  a  great  meafure  arifes  from  the  na- 
ture of  our  original  formation.  This  ftructure 
is  evidently  of  an  hereditary  nature  ;  fo  that 
when  the  predifpofition  to  action  is  called  forth, 
which  mal-conformed  organs  poffefs,  the  ac- 
tion that  takes  place,  inftead  of  being  as  it  was 
m  the  healthy  ftate,  refembles  the  imperfect 
and  mutilated  impreffion  engraved  on  the  feal ; 
it  refembles  the  gun-powder  hiding  off  in  va- 
pours and  in  fmoke,  inftead  of  complete  deto- 
nation :  it  refembles  the  feeble  efforts  of  re- 
action in  a  bad  fpring,  in  confequence  of  the 
elafticity  it  does  not  contain. 

It  is  owing  to  the  imperfection  of  the 
fyftem,  or  to  its  comparative  ftate  of  weaknefs 
m  refilling  the  operation  of  external  caufes, 

that 
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that  predifpofmon  to  difeafe  really  and  tFuly 
exifts.  When  the  fyftem  operates  upon  exter- 
nal caufes,  health  is  preferved,  and  difeafe  pre- 
vented :  on  the  contrary,  when  external  caufes 
operate  upon  the  fyftem,  or  the  fyftem  has  not 
the  power  to  refill  their  operation,  health  de- 
parts, and  difeafe  is  produced. 

Such  is  the  conftruction  of  all  generated 
beings,  that,  whilft  their  powers  of  preferva- 
tion  and  of  refiftance  are  limited,  the  deleteri- 
ous caufes  by  which  they  are  or  may  be  af- 
failed,  are  almoft  infinite  both  in  number  and 
in  power ;  fo  that,  in  the  full  enjoyment  of 
health  and  of  ftrength,  all  are  conftantly  pre- 
difpofed  to  the  operation  of  morbid  caufes,  by 
which  difeafe  is  produced,  and  often  fall  vic- 
tims to  its  erTe&s.  Whilft,  in  our  corporeal 
frame,  we  are  predifpofed  "to  all  the  evilswhich 
fleih  is  heir  to,"  our  minds  alfo  are  predifpofed 
"to  theftings  and  arrows  of  outrageous  fortune." 

The  fyftem  is  predifpofed  to  difeafe  from  ac- 
cidents, becaufe  the  organization  is  not  fuffi- 
ciently  ftrong  to  refift  the  operation  of  the  me- 
chanical powers  to  which  it  is  expofed,  and  by 
which  it  is  often  aflailed.  The  arrangement 
of  its  organs  is  frequently  difturbed ;  a  folution 

F  3  of 
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Of  continuity  between  the  parts  often  takes 
place;  and  fuch  is  the  laefion  and  deftru&ion 
which  the  whole  occafionally  fuffers,  that  a  fuf- 
penfion  of  the  functions  neceflary  to  the  exift- 
ence  of  life  immediately  enfues. 

It  is  predifpofed  to  difeafe,  from  the  opera- 
tion of  fubftances  whofe  powers  do  not  refide 
fo  much  in  their  mechanical,  as  in  their  fpe- 
cific  or  chemical  qualities.  The  various  bo- 
dies called  poifons  may  be  arranged  under 
this  clafs,  more  efpecially  thofe  that  are  pro- 
duced by  the  procefles  of  putrefaction  and  fer- 
mentation of  animal  and  vegetable  matter,  or 
that  are  given  out  by  the  excretory  organs  of 
animals  and  vegetables  in  their  morbid  ftate, 
or  from  particular  parts  of  fome  animals  and 
vegetables  in  their  healthy  ftate.  Under  the 
firft  head  may, be  mentioned  the  poifon  of 
plague,  of  typhus,  of  fmall-pox,  of  meafles, 
of  lues,  of  itch,  of  rabies,  &c.  &c.  Under  the 
fecond  head  may  be  ftated  the  poifon  of  the 
viper,  the  rattlefnake,  bug,  bee,  &c.  &c.  &c. 

There  are  various  parts  of  the  vegetable 
kingdom  that  furnifh  fubftances  fo  extremely 
deleterious  and  noxious  to  the  human  frame, 
that  its  action  beomes  inftantly  fufpended,  and 

putrefaction 
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putrefaction  immediately  enfues,  as  the  poifon 
of  the  lauro-cerafus,  &c.  Sec.  &c. 

Finally,  the  fyftem  is  predifpofed  to  difeafe 
from  the  operation  of  the  fenfible  qualities  of 
chemical  bodies — of  fire  in  a  fenfible  form,  of 
lightning,  of  various  cauftics  of  an  acid  and  of 
an  alkaline  nature ;  and,  in  fhort,  from  the 
abufe  of  any  one  fubftance  that  can  be  men- 
tioned. The  chemical  properties  of  thefe 
bodies  overcome  the  refilling  power  of  the 
part  or  of  the  fyftem  to  which  they  are  ap- 
plied. They  enter  into  a  chemical  union  with 
it,  fo  that  both  lofe  by  the  combination  fome 
of  the  qualities  each  feparately  poffefTed. 

The  mineral  poifons  are  either  metallic, 
earthy,  or  faline,  or  the  different  compounds 
that  are  formed  by  them. 

1.  The  metallic  poifons  are,  arfenic,  mercury, 
antimony,  copper,  lead,  filver,  and  gold. 

2.  The  earthy  poifons  are,  calcareous  earth, 
barytes  or  terra  ponderofa,  and  filiceous  earth. 

3.  The  faline  poifons  are,  the  fulphuric,  ni- 
tric and  muriatic  acids,  and  the  mineral  alkali. 
The  above  fubftances  conftitute  the  bafe  of 
which  various  preparations  are  formed  ;  and  it 
is  generally  found,  that  they  become  much 
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more  active  in  their  combined  than  in  their 
native  ftaie*. 

The  relation,  therefore,  which  external 
things  bear  to  the  weak  and  the  difeafed  ftate 
of  the  fyftem,  is  that  of  power  and  of  ftrength ; 
and  the  relation  that  the  debile  (late  of  the  fyf- 
tem* bears  to  external  things,  is  that  of  weak- 
nefs  and  fufceptibility.  When  the  refilling 
powers  which  the  animated  fyftem  contains, 
are  not  equal  to,  or  greater  than,  the  powers 
external  to  itfelf,  health  departs  and  difeafe  ac- 
cedes. Such,  indeed,  is  the  total  privation  of 
refilling  power  in  fome  conflitutions,  that  no- 
thing but  predifpofition  or  weaknefs  fubfifts, 
weaknefs  of  refiftance  within,  and  fufceptibi- 
lity to  be  a£ted  upon  by  things  without,  con- 
ftituting  what  is  called  an  irritable  habit. 

That  a  ftate  of  predifpofition  to  difeafe  in 
the  fyftem  has  the  relation  of  weaknefs  to  the 
caufes  by  which  it  is  affailed,  is  proved  from 
the  difference  that  we  frequently  behold  in 
different  conftitutions,  and  in  the  fame  confti- 

*  I  wifh  to  have  it  underftood,  that  I  only  enter  upon 
this  part  of  the  fubjecT:  as  much  as  is  fuflicierit  to  illuflrate 
my  opinion.  It  is  a  very  copious  fubject  of  itfelf,  and  it 
were  my  \vifh  hereafter  to  arrange  it  as  it  deferves. 
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tution  at  different  times.  Amdngft  a  number 
of  children  that  are  often  expofed  to  the  con- 
tagion of  the  fmall -pox,  many  mail  have  it 
in  the  confluent,  fome  in  the  diitinct:  form ; 
a  few  {hall  refift  the  operation  of  the  poifon, 
and  efcape  the  difeafe  altogether. 

Although  conftitutions  fuch  as  thefe  are  na- 
turally ftrong  (and  fome  there  are  that  know 
not  what  difeafe  actually  is),  there  are  various 
caufes  by  which  that  predifpofition  to  health 
may  be  weakened,  and  predifpofition  to  dif- 
eafe immediately  induced :  thefe  caufes  are 
called  predifponent)  as  having  a  tendency  to 
weaken  the  refilling  power  of  the  fyftem,  and 
to  favour  the  operation  of  the  exciting  caufes 
upon  it. 

The  influence  of  thefe  predifponent  caufes  is 
particularly  evident  in  particular  habits  that 
are  equally  expofed  to  the  operation  of  differ- 
ent poifons.  Perfons  who  have  been  weakened 
by  any  caufe,  whether  of  body  or  of  mind,  be- 
come more  fufceptible  to  be  acted  upon  by  the 
poifon  of  typhus,  of  marfh  miafmata*,  &c.  &c. 

than 

*  It  is  a  very  melancholy  fact,  that  after  a  number  of 
unhappy  wretches  have  undergone  fome    very  fevere 

operations 
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than  thofe  who  are  in  the  full  enjoyment  of 
health :  in  the  one  cafe,  it  is  external  caufes 
operating  upon  the  fyftem ;  in  the  other,  it 
is  the  fyftem  operating  upon  external  caufes. 

The  influence  of  this  principle  is  moll  emi- 
nently proved  in  thofe  difeafes  that  we  fre- 
quently behold  produced  a  long  time  after  the 
reception  of  the  poifon  :  it  frequently  happens, 
that  perfons  in  a  ftate  of  health  (in  hofpitals, 
indeed,  it  always  happens)  receive  various 
fpecific  poifons,  which  the  fyftem  however  has 
then  the  power  to  affimilate  and  deftroy.  When 
a  ftate  of  weaknefs  is  induced,  the  preferva- 
tive  power  of  the  fyftem  becomes  confequent- 
ly  leflened ;  the  poifon  which  was  before  in 
a  dormant,  becomes  in  a  fenfible  ftate ;  in- 
ftead  of  being  paflive,  it  becomes  active ;  in- 

operations  in  our  different  hofpitals,  they  are  placed  in 
wards  where  different  contagious  difeafes  frequently  exift. 
Such  is  the  weaknefs  that  is  induced  upon  the  fyftem  by 
the  pain  during  the  operation,  by  the  lofs  of  blood,  and 
by  the  antiphlogiftic  regimen  afterwards  purfued,  that  a 
ftate  of  predifpofition  to  the  reception  of  thefe  poifons  is 
immediately  induced,  the  difeafe  takes  place,  and  death 
very  frequently  follows.  If  feparate  hofpitals  for  furgical 
and  medical  patients  cannot  be  obtained,  particular  wards 
ought  however  to  be  feletted  for  the  reception  of  each 
feparately. 

*  ftead 


OF  PREDISPOSITION  TO  DISEASE.  75 


{read  of  the  organs  eliminating  its  morbid 
qualities,  its  morbid  qualities  excite  the  adion 
of  the  parts  in  which  it  is  depofited,  and  mor- 
bid adion  is  produced. 

The  adion  of  moft  poifons  under  the  fame 
circumftances,  and  on  conftitutions  apparently 
alike,  is  pretty  uniformly  the  fame ;  as  alfo  the 
power  of  the  conftitution  itfelf,  either  in  refitt- 
ing the  operation  of  the  poifon,  or  in  corred- 
ing'  its  influence.    The  poifon  of  fmall-pox 
by  inoculation  takes  eight  or  ten  days  before 
it   produces  a   general  influence  upon  the 
fyftem;   and  the  fyftem  itfelf  requires  the 
fame  period,  before  it  is  able  to  afTimilate 
the  poifon  which  it  has  received,  and  corred 
the  adion  which  it  has  produced.      It  is 
the  cafe  with  various  fevers  brought  on  by 
poifons  of  a  fpecilic  kind.    The  power  of  the 
fyftem  commonly  deftroys  their  operation  in  a 
certain  number  of  days ;  in  the  meafles,  three ; 
in  the  fcarlatina,  feven ;  in  typhus,  twenty- 
one,  &c.  &c.    It  is  in  this  relation  of  power 
between  the  fyftem  and  the  poifon,  that  the 
dodrine  of  critical  days  ought  to  be  founded : 
it  muft  however  appear  very  difficult  to  efta- 
blifh  any  fuch  criteria,  becaufe  we  are  gene- 
6  rally 
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rally  ignorant  of  the  concentration  and  force 
of  the  poifon,  and  of  the  refilling  degrees  of 
the  fyftem  either  in  eliminating  or  combating 
its  effects.  If  the  fyftem  have  not  the  power 
of  correcting  the  poifon,  or  of  arreting  the 
effects  it  produces,  the  poifon  continues  to  act 
upon  the  fyftem.  The  morbid  actions  which 
it  had  excited,  continue  to  increafe  until  all 
vital  action  becomes  fufpended,  and  diiTolu- 
tion  finally  takes  place. 

The  fame  principle  equally  applies  to  the 
influence  of  temperature :  there  feems  to  be  a 
ftandard  medium  moft  congenial  to  the  human 
frame.  Although  the  fyftem  poffeffes  the  power 
of  refifting  within  certain  limits  a  deviation 
from  that  ftandard  ;*  no  doubt  can  exift,  but 
that  extreme  degrees  either  of  heat  or  of  cold 
overcome  the  refifting  power  of  the  fyftem, 
and  death  is  induced  either  immediately  or  me- 
diately by  the  action  of  difeafe  :  thefe  are  the 
confequences  of  the  fyftem  having  loft  the 
powrer  of  preferving  itfelf,  and  of  refifting  the 
action  of  thofe  agents  by  which  it  is  afTailed. 


Of 
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Of  the  Brurwnian  BoElrine  of  Predifpofition^ 

&c* 

It  appears  that  Dr.  John  Brown's  ideas  of 
predifpofition  were  very  different  from  thoife 
I  have  endeavoured  to  explain.  Predifpdfitioa. 
he  defines  to  be  "  a  Jlate  intermediate  betwixt 
health  and  difeafe  :  the  powers  producing  it  are 
the  fame  with  tbofe  that  produce  difeafe"  P.  59, 
This  nonfenfe  would  be  of  itfelf  perfectly  un- 
intelligible, were  it  not  for  the  imperfect  ex- 
planation which  the  context  affords.  The 
context  fays,  that  "  predifpofition  arifes  from 
the  fame  exciting  powers  acting  upon  the 
fame  excitability  from  which  both  health  and 
difeafe  arife,  and  is  an  intermediate  ftate  be- 
tween  both."  So  far  from  this  opinion  be-' 
ing  true,  that  a  ftate  of  predifpofition  arifes 
from  the  fame  exciting  powers  aaing  upon 
the  fame  excitability  from  whence  both  health 
and  difeafe  arife,  and  is  an  intermediate  ftate 
between  both,  that  a  ftate  of  predifpofition, 
properly  defined,  can  only  exift  before  the 

*  I  muft  refer  the  reader  to  the  firft  volume  of  thia 
Work,  where  the  fundamental  principles  of  the  Bruno- 
nian  doctrine  have  been  inveftigared. 

exciting 
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exciting  powers  have  been  applied,  or  before 
they  have  produced  any  action  upon  the  ex- 
citability. Predifpofition,  as  we  have  feen, 
really  and  truly  exifts  in  the  fcetal  ftate  alto- 
gether ;  it  exifts  in  the  collapfed  lungs  ;  in  the 
fcetal  ftomach  before  it  has  received  any  food  ; 
in  the  organs  of  generation,  and  in  various 
other  parts.  On  the  contrary,  according  to 
him  (and,  I  may  add,  moft  others  alfo),  a  ftate 
of predlfpofitio7i  is  a  ftate  of  pqftdifpojition  :  it 
is  predifpofition  ended,  and  action  begun  ;  it 
is  the  origin  of  difeafe  before  the  morbid  ac- 
tions of  the  fyftem  have  had  their  full  fwing. 
It  evidently  appears,  that  Dr.  Brown  had  no 
knowledge  whatever  of  the  condition  of  the 
fcetal  ftate,  of  the  ftate  of  predifpofition  in 
which  it  then  exifts ;  of  the  capacity  of  acting 
which  it  poflefTes,  and  of  the  power  by  which 
action  is  ultimately  produced. 

In  every  fyftem  whatever  there  is  a  ten- 
dency to  evolution  and  health,  before  the  ten- 
dency to  difeafe  and  death.  There  is  a  period 
allotted  to  both  :  when  perfection  is  attained, 
it  ends,  and  the  tendency  to  diffblution  begins. 
It  would  be  far  otherwife,  if  life  were  the  forced 
ftate  ■  he  fuppofes-;  if  it  were  true,  "  that  the 
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tendency  cf  animals  every  moment  is  to  diflb- 
lution  ;  that  they  are  kept  from  it  not  by  any 
powers  in  themfelves,  but  by  foreign  powers, 
and  even  by  thefe  with  difficulty,  and  only  for 
a  time  ;  and  then,  from  the  neceflity  of  their 
fate,  they  yield  to  death*."    If  life  were  the 
forced  ftate  he  fuppofes  it  to  be,  the  proper  ap- 
plication of  his  exciting  powers  would  perpe- 
tuate animal  life  ad  infinitum  :  inftead  of  ani- 
mals being  forced  to  die,  they  would  be  forced 
to  live ;  and  he  might  as  eafily  refufcitate  a 
dead  animal  by  means  of  his  ftimuli,  as  excite 
motion  in  a  paflive  top  by  the  action  of  a  whip. 
The  whip  may  be  compared  to  his  exciting 
powers  ;  the  top  to  the  fubflance  in  which  ex- 
citability refides  j  and  the  motion  produced  by 
the  combined  agency  of  the  whip  and  top  to- 
gether is  exactly  analogous  to  excitement  or 
life,  which  is  forced  and  whipped  out  by  the 
operation  of  his  exciting  powers  acting  on  his 
excitability.    It  is  very  obvious  indeed,  that 
Dr.  Brown  grounded  his  fyftem  upon  the  phe- 
nomena he  beheld  common  matter  difplay ; 
he  faw  excitement  produced  in  the  fyftem  by 
the  introduction  of  different  fubftances  of 

*  Page  58. 
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brandy,  wine,  &c.  he  therefore  referred  excite- 
ment to  the  brandy  as  its  caufe,  in  the  fame 
manner  as  the  motion  produced  in  the  top  by 
the  action  of  the  whip.  Both  cafes,  however, 
are  totally  oppofite  and  diftind :  in  the  one 
cafe,  the  top  is  totally  paffive,  and  yields  ro  the 
moving  power  which  the  whip  communicates  : 
in  the  other  cafe,  the  animated  fyftem  confti- 
tutes  the  power  which  acts  upon  the  brandy ; 
the  fyftem  is  the  caufe  exciting,  the  brandy, 
the  thing  excited  upon ;  and  in  this  effort  it  is 
by  which  action  is  produced. 1 

A  neceffity  evidently  fubfifts,  that  the  food 
introduced  mould  correfpond  to  the  ftrength 
or  weaknefs  of  the  fyftem.  In  atonic  difeafes, 
where  the  fpecific  power  of  the  affimilating 
organs  is  extremely  weak,  the  ordinary  kinds 
of  aliment  become  unfit  to  be  introduced  ;  and 
we  are  obliged  to  refort  to  food  that  pofTeffes 
the  ftrongeft  poffible  aptitude  to  be  acted  upon 
in  order  that  it  may  be  digefted :  inftead,  there- 
fore, of  giving  folid,  liquid  food  is  preferred; 
and  we  are  taught  by  experience  that  la- 
mented liquors  and  animal  juices  poflefs  a 
ftronger  aptitude  to  be  acted  upon  by  the 
ftomach  than  cold  water,  or  acid  or  other  fub- 

ftances 


OF  PREDISPOSITION. 


8l 


ftances  of  the  fame  clafs.  In  proportion,  there- 
fore, as  the  ftrength  of  the  fyftem  decreafes, 
the  aptitude  in  the  aliment  ought  to  increafe  : 
hence  arifes  the  neceffity  of  giving  in  the  latter 
periods  of  low  fevers  wine  and  brandy,  when 
every  other  fpecies  of  aliment  is  rejected  un- 
altered and  undigefted. 

It  is  owing  to  the  total  confufion  of  ideas, 
to  the  total  ignorance  of  phyfiological  know- 
ledge, that  Dr.  Brown,  in  the  very  onfet  of  his 
b:;ok,  chap.  i.  art.  i.  under  the  title  of  what 
he  calls  Explanations,  but  which  are  really  and 
truly  axioms,  fhews  himfelf  ignorant  alfo  of 
the  diftin&ion  that  fubfifts  between  medicine 
and  diet.  Expl.  i.  "  Medicine  is  the  fcience  of 
preferving  the  good,  and  preventing  and  curing 
the  ill  health  of  animals."  This  propofition,  I 
maintain  it,  is  falfe :  the  means  by  which  the 
good  health  of  animals  is  preferved,  is  not  a 
Icience,  neither  does  it  belong  to  any  branch  of 
medical  knowledge  :  it  belongs  to  the  dietetic 
branch,  arifing  from  experience  alone,  and  in 
which  men  totally  ignorant  of  medicine  are 
perfectly  converfant.  This  knowledge  extends 
to  the  whole  range  of  the  brute  and  even  ve- 
getable creation,  amongft  which  the  fcience  of 
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medicine  does  not  yet  appear  to  have  made  any 
progrefs.  On  ihe  contrary,  the  practice  of  me- 
dicine is  the  art  (not  the  fcience:  our  knowledge 
of  its  operation,  and  the  fubjed  on  which  it 
operates,  is  as  yet  too  imperfect  to  bring  it  to 
any  fcientific  rule)  by  which  difeafe  is  cured, 
and  health  reftored  ;  and  medicine  itfelf  is  the 
mean  by  which  the  end  is  attained  *. 

Although 

*  That  the  practice  of  medicine  is  an  art,  and  not  a 
fcience,  will  be  very  evident,  if  we  examine  the  nature  by 
which  both  are  characterized.  Art  medical  depends  en- 
tirely on  experience,  on  experience  indeed  of  the  infinite 
uncertainty  that  exifts  in  its  application  to  different  con- 
flitutions,  and  to  the  fame  conftitution  at  different  times  : 
on  the  contrary,  the  fcientific  knowledge  of  a  thing  de- 
pends on  an  intimate  knowledge  of  the  caufe,  and  on  the 
pofTeffion  of  the  laws  on  which  its  effects  proceed.  The 
rules  of  fcience  are  fo  definite  and  conftant,  that  the  effects 
that  flow  from  them  are  uniformly  and  invariably  the 
fame :  it  is  on  the  immediate  dependence  of  the  effect 
from  the  caufe,  and  on  a  knowledge  of  that  dependence, 
that  the  inveftigation  of  fcience  to  the  full  pofTeffion  of 
fcientific  knowledge  may  be  faid  to  confift :  the  means  by 
which  this  fcientific  knowledge  is  attained,  confifts  in  the 
pofTeffion  of  certain  general  truths  (facts)  by  which  the 
nature  or  efience  of  a  fubject  is  characterized,  without  the 
exiftence  of  which  the  fubject  itfelf  would  ceafe  to  fubfift. 
It  is  by  the  pofTeffion  of  thefe  general  truths,  that  we  ob- 
tain, the  knowledge  of  the  caufes  on  which  the  various  fub- 

ordinate 
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Although  it  is  the  fyftem  which  in  general* 
poffeffes  the  power  by  which  health  is  pre- 
ferved,  and  difeafe  prevented,  or  difeafe  cured 
after  it  actually  fubfifts,  there  are  various 
complaints  which  arife  from  the  application  of 
fpecific  poifons,  and  which  can  only  be  cured 
by  fuch  remedies  as  have  the  fpecific  power 
of  uniting  with  and  deftroying  the  fenfible 
properties  which  thofe  poifons  poffefs  : — mer- 
cury for  the  lues,  fulphur  for  the  itch,  &c. 
&c.  Thefe  remedies,  like  thofe  poifons,  are 
taken  up  into  the  blood,  or  act  upon  the  poi- 
fon  in  the  part,  and  produce  their  beneficial 
effects  by  eliminating  and  deftroying  the 
fenfible  qualities  thofe  poifons  contain.  So  to- 
tally defective,  however,  is  the  Brunonian  fyf- 
tem, that  it  does  not  provide  at  all  for  the  fpe- 

ordinate  and  particular  phenomena  depend.  It  is  in  tra- 
cing thofe  phenomena  (and  which  are  nothing  elfe  than 
effects)  from  their  ftate  of  union  with  their  caufe  to  their 
reparation  from  it ;  from  their  ftate  of  purity  and  integrity- 
unmixed  and  undivided,  to  their  imperfect  ftate  of  divi- 
fion  and  feparation,  of  weaknefs  and  difeafe,  that  the  in- 
veftigation  of  phyfiological  fcience  depends,  and  through 
which  phyfiological  knowledge  arifes.  The  means  by 
which  it  can  be  obtained  are  two  :  the  firft  depends  on  ac- 
curate obfervation  of  the- phenomena  of  the  animated  fyf- 
tem in  the  healthy  ftate,  and  its  deviation  into  that  of  dif- 
eafe   the  fecond,  on  experiments,  &c  &c. 
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cific  action  of  fpecific  poifons  :  the  author, 
therefore,  gets  rid  of  the  fubject  thus,  p.  63. 
"  The  only  cure  for  poifons  is  their  early  dif- 
charge  from  the  fyftem  j  and  if,  as  often  hap- 
pens, others,  by  wounding  an  organ  neceflary 
to  life,  are  fatal,  the  efiecls  of  both  are  foreign 
from  our  prefent  purpofe,  and  ought  to  be  re- 
ferred to  local  difeafes."  Aware  of  the  dele- 
terious etfe&s  which  poifons  produce,  he  con- 
sequently recommends  their  early  difcharge 
from  the  fyllern :  he,  notwithitanding  this 
acknowledgment,  fays,  "  that  it  is  excitement 
alone  through  its  varying  degrees,  that  produces 
either  health,  dijeafe  or  recovery ;  it  alone  go- 
verns both  univcrfal  and  local  difeafes,  neither 
of  ixxhich  ever  arife  from  faults  in  the  folids  or 
fiuids,  but  always  either  from  incrcafed  or  dimi- 
fiifhed  excitement :  hence  the  cure  is  never  to  be 
dire  tied  to  the  fate  of  the  folids  or  fluids,  but 
only  to  the  diminution  or  the  incrcafe  of  excite- 
ment"  Page  50. 

Thus,  then,  has  Dr.  Brown,  with  one  ftroke 
of  his  pen,  defiroyed  the  diftin&ion  that  the 
wifeft:  and  beft  Phyfiologifts  have  ever  made, 
of  difeafes  that  were  merely  accompanied  by 
an  increafe  or  decreafe  of  the  aclion,  either  of 
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particular  parts,  or  of  the  fyftem  altogether, 
from  thofe  that  were  accompanied,  not  merely 
by  an  action  too  high  or  too  low,  but  where 
the  action  was  totally  altered  from  the  healthy 
ftate,  conftituiing  a  certain  peculiarity  in  the 
nature  of  the  difeafe  itfelf,  known  by  the  ap- 
pellation of  fpecific.  Thefe  fpecific  difeafes 
evidently  arife  from  the  fpecific  quality  and  ac- 
tive powers  of  the  poifon,  and  the  weaknefs 
of  the  fyftem  in  refitting  their  operation.  When 
thefe  poifons  therefore  produce  their  effects 
upon  the  fyftem,  fometimes  deftroying  its  ac- 
tion in  a  few  hours,  or  in  a  few  moments,  they 
ought,  in  fuch  cafes,  to  be  called  fedatives.  Shall 
it  be  denied,  when  the  ftrongeft  men  are  fud- 
denly  deftroyed  by  the  inhalation  of  a  few 
draughts  of  mephitic  gas,  that  the  operation  of 
it  is  not  directly  fedative  ?  When  the  poifon  of 
the  ticunas,  of  lauro-cerafus,  and  efpecially  of 
different  ferpents,  which  Dr.  Ruftel,  in  his  late 
moft  fplendid  work,  has  decidedly  proved,  de- 
ftroy  different  animals  in  twenty  or  thirty  mi- 
nutes, without  producing,  in  many  inftances, 
any  fenfible  aclion  from  the  time  the  poifon 
is  received,  to  the  duTolution  of  the  animal — 
Ihall  it  be  pretended  that  death  is  not  produ- 
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ced  by  a  fedative  effect  upon  the  fyftem  ?  It 
required  the  arrogance  of  Dr.  Brown  himfelf 
to  deny  the  exiftence  of  fedatives, — to  deny 
the  fpecific  mode  of  their  operation,  to 
deny  the  fpecific  nature  of  the  dileafe  they 
produce,  or  that  the  matter  which  is  in  con- 
sequence evolved,  is  capable  of  producing  the 
fame  poifon  upon  another  fubjecl:.  Thus 
it  is  we  have  the  poifon  of  plague  producing 
plague,  but  not  fmall-pox ;  the  poifon  of 
fmall-pox  producing  fmall-pox,  but  not  mea- 
fles  j  the  poifon  of  the  itch  producing  the  itch, 
but  not  fyphilis.  But,  according  to  the  Bru- 
nonian  fyftem,  all  thefe  fubftances  are  one  and 
the  fame  in  their  nature :  the  only  difference, 
there  is  between  them,  confifts  in  the  different 
degrees  of  flimulant  properties  they  poffefs,  and 
in  the  different  proportion  of  excitement  they 
produce  ;  fo  that  the  pox  and  the  itch,  typhus 
fever,  and  the  plague,  &c.  &c.  may  be  cured  by 
the  fame  means,  the  nature  of  theftimulus  alone 
varying  in  degree.  It  might  indeed  be  further 
ftated,  that  the  caufe  producing  the  difeafe,  and 
the  medicine  effecting  the  cure,  are  accord- 
ing to  him,  in  their  nature,  one  and  the  fame; 
the  only  difference  between  them  confifting 

in 
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in  the  degree  of  ftimulating  power  they  feve-  , 
rally  poflefs.    Hence  he  fays,  that  "  whether 
the  matter  of  contagion  act  by  a  ftimulant  or 
a  debilitating  operation,  its  operation  is  the 
fame  with  that  of  the  ordinary  power,  that  is  to 
fay,  the  caufe  of  difeafe  is  the  fame  ;  and  if,  as 
fometimes  happens,  no  general  affection  fol- 
lows the  application  of  contagion  ;  if  no  un- 
due excefs  or  defect  of  excitement  is  the  con- 
fequence,  the  affection  is  altogether  local,  and 
foreign  to  this  place*."     So  far  from  the  af- 
fertion  being  true,  that  the  operation  of  mor- 
bid poifons  on  the  fyftem  arifes  from  the  fli- 
mulus  they  produce,  being  merely  in  ex- 
cefs or  defect ;  and  that  the  effect  produced 
on  the  fyftem  is  the  fame  in  kind  as  the  nature 
of  the  caufe,  whether  it  be  above  or  below 
par;  fo  that  an  high  ftftnulus  fhall  produce  in- 
creafed  excitement,  and  a  low  ftimulus  a  weak 
degree  of  it,  it  is  often  totally  otherwife. 

If  this  were  the  cafe,  the  atonic  fymptoms, 
in  atonic  difeafes,  ought  to  manifeft  them- 
felves  more  eminently  after  the  poifon  has  been 
applied ;  at  the  time  when  it  was  in  the 
plenitude  of  its  power,  acting  upon  the  excita- 

*  Page  61. 
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bility  in  the  aggregate,  without  abatement  or 
divijion,  than  it  is  found  to  do  at  the  latter- 
period  of  the  difeafe.  If  this  were  true,  the 
fymptoms  of  debility,  of  putrefaction,  and  of 
death  itfelf,  ought  to  manifeft  themfelves  as 
foon  as  this  imperfect  ftimulus  is  received, 
Thefe  atonic  fymptoms  ought  progreflively 
to  go  off,  in  proportion  as  the  effects  are 
abated  by  the  introduction  of  adequate  flimuli, 
and  the  poifon  itfelf  weakened  by  divifion  and 
feparation.  If  this  were  the  cafe,  typhus  fever- 
would  invariably  begin  with  fymptoms  of  pu- 
trefaction, and  terminate  with  thofe  of  inflame 
mation  ;  inftead  of  the  difeafe  beginning,  as  it 
frequently  does,  with  fymptoms  of  inflamma- 
tion,and  terminating  with  thofe  of  putrefaction. 
It  certainly  is  within  the  knowledge  of  molt 
practitioners,  that  fome  of  the  worft  fpecies  of 
typhus  frequently  come  on  with  fymptoms  of 
firong  and  increafed  action,  which  demand  a 
ftrict  antiphlogiflic  diet :  any  other  regimen 
only  tends  to  hurry  on  the  fymptoms  of  inflam- 
mation, to  induce  local  determinations, either  to 
the  head,  in  producing  phrenitis  ;  to  the  lungs, 
inproducingperipneumonia;  orto  the  interlines 
efpecially,  in  producing  enteritis.    It  is  only 

at 
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fit  the  latter  period  of  the  fever,  that  the  real 
typhus  fymptoms  manifeft  themfelves,  when 
one  and  the  fame  poifon  which  produced  in- 
flammation at  firft,  is  the  remote  caufe  of  in- 
ducing at  laft  the  ftate  of  putrefaction. 

The  beft  practitioners  that  have  written  on 
the  plague,  recommend  bleeding  and  early- 
evacuation  as  the  moft  effectual  means  of 
cure  ;  and  it  is  now  found,  by  the  general  tes- 
timony of  the  French  phyficians  who  have 
long  refided  in  the  Weft  Indies,  and  by  our 
own  furgeons  at  this  time,  that  if  bleeding 
and  evacuations  are  immediately  employed  on 
the  very  firft  onfet  of  the  yellow  fever,  the 
patient  generally  recovers  ;  and  it  is  found 
that  the  adminiftration  of  mercury  itfelf,  fo  as 
to  produce  ptyalifm,  feems  to  have  almoft  a 
fpecific  effect  in  operating  a  cure.  To  expa- 
tiate on  the  calamities  whiqh  this  pernicious 
Brunonian  doctrine  lias  produced  in  its  ap- 
plication to  practice,  will  not  fatisfy  the  hu- 
manity it  has  offended  :  it  will  not  reftore  the 
.children  to  the  parent,  the  parent  to  his  chil- 
dren, and  a  multitude  of  brave  and  deferving 
fuhjects  to  their  country  ;  thoufands,  and  tens 
of  thoufands,  have  fallen  victims  to  it.  The 

yellow 
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yellow  fever,  in  the  Weft  Indies,  amongft  the 
Englifh,  was  called  by  the  native  French  fur- 
geons  the  brandy  and  madeira  fever,  from  the 
quantity  of  fpirituous  liquors  that  were  admi- 
niftered.  Whilft  our  brave  foldiers  uniformly 
died  by  this  mode,  the  French,  by  adopting 
the  antiphlogiftic  plan  in  the  ftri&eft  poflible 
degree,  generally  recovered  *. 

Equally  falfe  are  his  opinions  with  refpect 
to  the  different  ftates  of  excitement  that  often 
exift  in  different  parts  of  the  fame  fyftem  : 
it  is  notorious  to  every  man  of  common  ob- 
fervation,  that  enteritis  and  phrenitis  frequent- 

*  It  is  proper  to  obferve,  that  I  received  a  particular 
account  of  the  difeafe  from  a  moft  refpe&able  and  inge- 
nious French  gentleman,  at  St.  Domingo,  at  the  com- 
mencement of  the  war,  when  it  was  beginning  to  make 
ravages  amongft  our  troops.  In  this  letter  he  pointed  out 
the  caufes,  not  only  by  which  the  difeafe  was  produced, 
but  the  reafon  why  it  proved  fatal ;  he  further  gave  me 
the  mode  which  the  French,  natives  of  the  colonies,  ufed 
to  adopt  in  the  treatment  of  it  with  univerfal  fuccefs. 
I  thought  this  letter  of  fo  much  importance,  that,  after 
{hewing  it  to  fome  of  my  medical  friends,  1  was  advifed 
to  tranfmit  it  to  the  Prefident  of  the  Medical  Board,  a 
Fellotu  of  the  College  of  Phyficians.  He  never  had  the 
politenefs  to  give  it  any  anfwer,  not  even  to  acknowledge 
the  receipt  of  it,  although  it  was  delivered  to  him  by  one 
of  the  moft  eminent  Fellows  of  the  College. 
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!y  come  on,  and  are  attendant  on  typhus  fever  ; 
and  the  author  of  thefe  pages  can  fay  with 
confidence  and  truth,  that  he  has  been  the 
means  of  faving  the  life  of  feveral  patients,  by- 
taking  blood  from  the  temporal  artery,  at  a 
time  when  there  was  a  brown  tongue,  a  quick 
pulfe,  and  the  other  fymptoms  of  low  fever. 
On  the  contrary,  Dr.  Brown  thought,  page  44, 
w  that  every  affection  of  a  part,  that  occurs 
in  general  difeafes,  however  formidable,  is  to 
be  confidered  only  as  a  part  of  the  affection 
inherent  in  the  whole  bodv,  and  the  remedies 
are  not  to  be  directed  to  a  part,  as  if  the  whole 
difeafe  lurked  there,  and  was  only  to  be  re- 
moved thence ;  but  to  the  whole  body,  all 
which  it  affects  *." 

*  It  is  unneceffary  for  me  to  extend  any  further  my  ob- 
fervation  upon  the  Brunonian  practice,  which  is  held  up  as 
the  model  of  perfection  in  the  univerfity  where  Brown 
himfelf  was  at  firft  perfecuted  by  thofe  who  have  in  fome 
meafure  adopted  its  tenets.  Of  that  practice,  which  is 
the  prevailing  one  at  this  time  at  moll  foreign  univerfi- 
ties,  and  which  is  promulgated  in  London  itfelf  by  many 
teachers,  although  in  a  more  indirect:  way ;  I  fhall  merely 
confine  myfelf  to  point  out  the  ignorance  or  want  of 
knowledge  neceflary  to  put  it  in  force.  «  Such  is  the 
fimplicity,  fays  Dr.  B.  to  which  medicine  is  thus  reduced, 
that  when  a  phyfician  comes  to  the  bed-fide  of  a  patient, 
he  has  only  three  things  to  fettle  in  his  mind  :  ift,  whe- 
ther the  difeafe  be  general  or  local :  2dly,  if  general,  whe- 
ther 
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ther  it  be  fthenic  or  aflhenic :  3dly,  what  is  its  degree. 
When  once  he  has  fatisfied  himfelf  in  thefc  points,  all 
that  remains  for  him  to  do,  is  to  form  the  indication  or 
general  view  of  the  plan  of  cure,  and  carry  that  into  exe- 
cution by  the  adminiftration  of  proper  remedies. 

The  only  thing  of  importance  with  refpeft  to  diagnofis, 
is  that  by  which  general  difeafes  are  diftinguifhed  from 
thofe  local  or  fyn>ptomatic  affections,  which,  by  throwing 
•the  whole  fyftem  into  diforder,  aflume  a  certain  refem^ 
blance  to  univerfal  difeafes.    In  order  to  attain  this  ufeful 
knowledge,  he  recommends  us  to  wafte  no  time  in  fuper- 
fluous  ftudy  of  anatomy,  but  to  learn  only  what  is  neeef- 
fary  from  it.   We  are  to  perufe  the  works  of  Morgagni  j 
to  difle£r.  fubjects  ;  to  diftinguifh  refiduary  effects  from 
caufes  that  have  parted  away  ;  to  examine  diligently  many 
bodies  of  perfons  who  have  been  hanged  or  have  died  of 
wounds,  but  were  otherwife  healthy ;  compare  thefe  di- 
ligently with  the  bodies  of  thofe  who  have  died  of  linger- 
ing, or  often  repeated  difeafes ;  compare  every  particular 
with  every  other-,  the  whole  with  the  whole. — Notwith- 
ftanding  thefe  recommendations,  which  are  certainly  wife 
in  themfehes,  and  which  include  the  only  means  by  which 
our  knowledge  is  to  be  attained,  he  tells  us  that  we  muft 
never  expect  to  difcover  the  caufe  of  general  difeafe  in  dead 
bodies  ;  and,  finally,  to  beware  of  rafh  hypothefes  ;  and 
to  be  circumfpect  in  forming  a  judgment!  !  '.'Page  72. 

Confcious  as  I  feel  that  this  doctrine  is  defective  and 
difeafed;  that  it  is  founded  on  error,  and  leads  to  mif- 
chief,  I  have  thought  it  my  duty  to  point  out  a  few  only 
of  its  errors.  I  mail  now  proceed  with  the  more  imme- 
diate object  of  this  work,  to  fliew  the  various  means  which 
the  animated  fyftem  poffefles,  to  reftore  the  wafte  it  perpe- 
tually fuftains  in  confequence  of  the  actions  it  perform--, 
and  the  mode  by  which  the  end  is  ultimately  attained. 
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CHAP.  HI. 

ON  THE  BLOOD. 

The  colour  varies  in  different  fyftems,  is  more  florid  and  red  in 
the  higher  than  in  the  lower  order,  generally  white  in  the 
infeB  tribe,  as  alfo  the  medulla  in  vegetables— the  degree  of 
union  that  exifls  between  different  parts  of  blood  varies  con- 
flderably — the  red  parts  conjlantly  difpofed  to  become  folid, 
and  to  coagulate  the  fluid — coagulation  produced  by  the  ac- 
tion of  chemical  bodies — the  blood  has  no  power  of  action  in 
itfelf  contrary  to  Mr.  Hunter  s  opinion — the  relation  which 
the  blood  bears  to  the  organs  and  vejjels — the  vitality  of  the 
blood  proved,  &c.  t&c.  &c. 

When  we  behold  the  evolution  which 
the  animated  lyftem  undergoes  from  the  fcetal 
to  the  adult  ftate,  and  the  wade  it  perpetually 
fuftains  in  confequence  of  the  various  opera- 
tions it  performs,  the  neceflity  of  a  proper 
fupply  of  blood  muft  be  apparent,  not  only  in 
order  that  the  living  principle  may  unfold  it- 
felf,  but  that  it  may  be  able  alfo  to  preferve  the 
organization  which  it  has  unfolded.  The  con- 
fumption  which  the  blood  faftains  in  the  fcetal 
ftate,  when  there  is  evolution  in  general,  with 

little 
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little  or  no  fpecific  action,  muft  be  lefs  in  de- 
gree than  in  the  adult,  when  there  are  evolu- 
tion and  fpecific  action  together. 

It  is  by  comparing  the  fenfible  properties  of 
the  blood  in  different  fyftems,  and  in  different 
fyftems  of  veffels,  at  different  and  oppofite  pe- 
riods of  life,  that  we  are  led  to  underftand  the 
caufes  of  the  variety  in  the  appearance  it  af- 
fumes. 

If  we  examine  the  colour  it  affumes,  as  we 
proceed  from  the  higher  to  the  lower  order  of 
animated  beings,  we  fhall  find  that  there  is  not 
only  a  great  degree  of  difference  in  the  cafl 
which  the  red  parts  exhibit,  but  in  the  relative 
proportion  which  they  bear  to  the  other  parts. 
The  blood  of  the  human  fpecies,  and  of  qua- 
drupeds in  general,  is  of  a  florid  colour,  often 
bordering  upon  a  purplHh  caft.  The  blood  of 
the  amphibia  and  of  fifh  is  lefs  dark,  but  more 
florid  and  red  :  the  blood  of  infects,  in  fome 
inftances  indeed,  is  yellow ;  in  others  it  is 
green,  as  in  the  caterpillar ;  but  it  is  commonly 
of  a  white  and  ferous  colour:  and,  finally,  the 
medulla  of  .  plants  is,  generally  fpeaking,  of  a 
white  flowery  appearance. 

The  red  parts  of  the  blood  have  generally 

received 
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received  the  appellation  of  cruor  or  craflamen- 
tum  :  the  white  parts  have  generally  been  di- 
vided into  two,  and  confidered  as  feparate  and 
diftinc~t,  namely,  the  coagulable  lymph  and 
ferum.  The  coagulable  lymph  has  been  fuppo- 
fed  to  conftitute  the  portion  of  the  blood  which 
was  efpecially  employed  for  the  fupport  of  the 
whole  fyftem;  whilft,  on  the  contrary,  the  fe- 
rum, by  virtue  of  its  fluidity,  has  been  thought 
to  be  ufeful  in  keeping  the  different  parts  of 
the  blood,  as  it  were,  in  a  diluted  form. 

If  we  examine  thefe  parts  feparately,  we 
{hall  find  that  there  is  a  confiderable  varie- 
ty in  the  degree  of  union  that  exifts  between 
the  different  parts  of  which  the  mafs  of  blood 
is  compofed.  In  the  ferum,  the  union  is  more 
perfect  than  it  is  in  the  coagulable  lymph ;  in 
the  coagulable  lymph,  than  iris  in  the  red  parts. 
Such,  indeed,  is  the  feparation  that  fubfifts  in 
the  red  parts,  that  they  are  evidently  of  a  glo- 
bular form :  inftead  of  being  in  union  with 
the  whole,  there  is  a  marked  and  diftinct  fepa- 
ration between  them  and  the  other  parts.  The 
red  parts  are  congregated  together  into  glo- 
bules, fwimming  as  it  were  in  the  ferum,  which 
is  apparently  homogeneous  in  its  nature,  and 

altogether 
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altogether  united.    The  red  globules  in  the 
ferum,  with  refpect  to  figure,  refemble  par- 
ticles of  oil  immerfed  in  water  j  and  the  ferum, 
with  refpedr.  to  the  red  globules,  refembles  wa- 
ter having  involved  in  it  particles  of  oil :  thefe 
red  globules  appear  to  me  to  conftitute  the 
refufe  of  the  whole  mafs  j  having  a  conftant 
tendency  themfclves  to  coagulate,  they  perpe- 
tually difpofe  the  coagulation  of  the  ferum  alfo  i 
it  feems  to  be  owing  to  the  fenfible  qualifies 
which  thefe  red  globules  poffefs,  that  the  ferum 
in  which  they  are  involved  becomes  perpetual- 
ly changed  from  a  fluid  to  a  folid  ftate.  One 
of  thefe  red  particles  becomes  coated  as  it  were 
with  a  proportion  of  fluid  ferum  ;  accretion 
progreflively  enfues,  and  globules  are  ultimate- 
ly produced. 

Such  is  the  tendency  which  the  red  globules 
poffefs  to  become  folid,  that  the  change  takes 
place  in  a  few  minutes  after  extra vafation,  and 
the  ferum  itfelf,  in  which  thefe  particles  are 
involved,  becomes  folid  alfo  *.    It  appears, 

indeed, 

*  Thefe  red  particles  are  foluble  in  water,  imparting, 
however,  a  colouring  matter  to  the  water  after  they  have 
been  difTolved  by  it :  they  are  partly  foluble  in  vinegar, 
and  in  lemon  juice.    When  the  ferum  itfelf  is  diluted 

with 
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indeed,  that  thefe  red  particles  are  in  their  na- 
ture folid,  that  they  coagulate  the  ferum  by 
which  they  are  immediately  furrounded,  and 
conftitute  the  connecting  medium  of  what  is 
called  the  crafTamentum.  On  the  contrary, 
the  ferum,  which  is  in  fome  degree  removed 
from  the  influence  of  thefe  red  globules,  in- 
ftead  of  becoming  coagulated,  preferves  its 
fluidity.  If  we  examine  the  tendency  which 
the  red  globules  pofTefs  to  coagulate  the  ferum, 
and  the  various  other  means  by  which  ferum 
itfelf  may  be  coagulated,  we  fhall  be  led  to  con- 
clude, that  when  the  red  globules  coagulate 
the  ferum,  it  arifes  from  the  deprivation  of  the 
prefervative  property  it  poffefies ;  and  that  the 
change  it  undergoes  from  a  fluid  to  a  folid 
ftate,  is  a  change  from  a  good  to  a  bad  con- 
dition. 

Blood,  whether  red  or  white,  or  both,  may 
be  coagulated  by  expofure  to  the  operation  of 
external  caufes;  it  coagulates  fooner  when 

with  water,  they  are  foluble  alfo  in  it.  It  is  the  fame  with 
urine.  On  the  contrary,  inftead  of  being  foluble  by  other, 
fubftances,  they  are  particularly  coagulated  by  them  j  as 
the  muriatic,  nitric  and  nitrous  acids.  Neither  are  they 
foluble  in  a  folution  of  marine  fait,  or  fixed  vegetable 
alkali. 

vol.  ii.  H  drawn 


98 


ON  THE  BLOOD. 


drawn  into  a  bafon  having  a  large  furface, 
than  a  fmall  one ;  when  drawn  flowly,  than 
rapidly.  The  reafon  is  this  :  the  extraneous 
matter  of  which  that  large  furface  is  compofed, 
ads  more  extenfively  upon  the  blood;  and 
the  flownefs  of  its  tranlition  from  the  blood- 
veffel  to  the  bafon,  expofes  it  to  the  more 
ready  action  of  the  air,  the  operation  of  which 
it  cannot  refill: :  it  therefore  lofes  its  fluid  ftate, 
which  it  cannot  preferve,  and  obtains  a  folid 
form,  which  it  cannon  prevent.  On  the  con- 
trary, when  blood  fubfifts  in  a  moving  ftate  in 
the  veffels  of  a  living  animal,  inftead  of  coagu- 

■ 

lating,  it  preferves  its  fluidity  for  ah  indefinite 
period.  If,  however,  it  be  extravafated  in  the 
fyftem,  fuch  is  the  tendency  which  it  poffefTes 
'  to  coagulate,  that  it  generally  undergoes  this 
change  ;  fooner  if  it  be  extravafated  in  a  dead 
.part  than  in  a  living  one  * :    it  coagulates 

fooner 

*  A  perfon  was  feized  with  a  mortification  of  the  foot 
and  leg,  and  which  had  advanced  to  a  confiderable  extent^ 
The  perfon  died.  On  examining  the  part  above  themortificd 
portion,  Mr.  Hunter  found  the  crural  and  iliac  arteries 
completely  filled  with  flrong  coagulated  blood.  On  the 
contrary,  he  found  the  blood  of  afifh  which  had  the^clion 
of  life  fufpended  for  three  days,  and  was  fuppofed  dead-, 
'         -  --  '  had 
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fodrtef  if  it  be  extravafated  on  an  expofed 
iurface,  than  in  a  circumfcribed  cavity ;  on  an 
open  canal,  than  in  the  cellular  membrane. 

If  we  extend  our  view  to  the  various  means 
by  which  blood  may  be  coagulated  out  of  the 
body,  we  mall  find  them  reducible  to  fuch  as 
overcome  the  refilling  power  of  the  folids, 
producing  in  them  either  weaknefs  or  death 
itfelf ;  viz.  expofure  to  exceffive  degrees  of 
heat ;  combination  with  the  cauftic  alkali,  with 
acids,  with  alcohol,  &c.  &c.  Thefe  powerful 
chemical  bodies  act  by  depriving  the  blood  of 
the  prefervative  property  it  originally  pofTefTed ; 
it  therefore  becomes  converted  from  a  fluid  to 
a  folid,  from  a  living  to  a  dying  ftate. 

The  caufe  I  aflign  for  the  blood  coagulating, 
is  certainly  very  different  from  what  Mr.  Hun- 
ter entertained.  Mr.  Hunter  fuppofed  that 
the  coagulation  of  the  blood  arofe  from  an 
exertion  of  the  living  power  which  it  contained, 
fimilar  to  the  contraction  of  a  mufcle ;  and  that 
it  pofTefTed  the  power  of  action  within  itfelf. 
Mr.  H.  fays,  "  that  the  blood  coagulates  from 
an  impreflion  ;  that  is,  its  fluidity,  under  fuch 

had  not  coagulated  in  the  veflels  ;  but  on  being  expofed  or 
extravafated,  it  foon  coagulated. 

I  I  2  circum- 


100 


ON  THE  BLOOD. 


circumftancesj  being  improper,  or  no  longer 
neceflary,  it  coagulates  to  anfwer  now  the 
neceflary  purpofe  of  folidity."  Again,  "  If  the 
blood  could  only  have  been  of  ufe  in  a  fluid 
ftate,  its  folidity  would  not  have  been  fo  much 
an  object  with  nature.  It  appears  to  me  to 
be  evident,  that  its  fluidity  is  only  intended 
for  its  motion,  and  its  motion  is  only  to  con- 
vey life  and  living  materials  to  every  part  of 
the  body.  Thefe  materials,  when  carried,  be- 
come folid,  fo  that  folidity  is  the  ultimate  end 
of  the  blood,  as  blood  V 

It  is  readily  admitted,  that  a  fluid  condition 
of  the  blood  is  neceflary  to  the  motion  of  it ; 
but  I  conceive  it  far,  very  far  indeed,  from 
truth,  that  folidity  is  the  ultimate  end  of  the 
blood,  as  blood.  It  is  the  raoft  fluid  parts  of 
the  whole  that  are  efpecially  employed  in  the 
reftoration  of  parts,  and  that  are  conveyed  to 
glands  for  the  purpofe  of  their  action :  they 
are  conveyed  to  thefe  organs  in  a  fluid,  not 
in  a  folid  form  :  they  are  converted  by  them 
from  this  fluid  form,  according  to  the  efpecial 
nature  of  each.  The  object,  however,  which 
Mr.  Hunter  has  in  view,  is  to  eftabliflb  the 
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power  of  action  in  the  blood  itfelf.  I  have 
reafon  to  believe,  fays  he,  "  that  the  coagulum 
has  the  power  of  action,  under  neceffary  cir- 
cumftances,  to  form  vefTels  in  and  of  itfelf.  For, 
although  the  coagulation  is  not  organic,  it  is 
ftill  of  a  peculiar  form,  ftructure  or  arrange- 
ment, fo  as  to  take  on  a  necelfary  action, 
which,  I  mould  fuppofe,  is  fomewhat  fimilar 
to  mufcular  action.  I  think  I  have  been  able 
to  inject  what  I  fufpected  to  be  the  beginning 
of  a  vafcular  formation  in  a  coagulum,  when 
it  could  not  derive  any  velfels  from  the  fur- 
rounding  parts.  And  again,  i  have  reafon  to 
believe,  that  the  blood  has  the  power  of  action 
within  itfelf,  according  to  the  ftimulus  of  ne- 
ceflity,  which  neceffity  arifes  out  of  its  fitua- 
tion." 

I  mould  certainly  overlook  this  palTage  on 
account  of  its  obfcurity,  did  I  not  know  that  it 
conftitutes  the  bafis  of  Mr.  Hunter's  opinion 
on  this  important  fubject.  So  far,  however, 
from  the  coagulation  of  the  blood  being  an 
operation  of  life  when  it  arifes  fpontaneoufly, 
it  proceeds  from  a  diminution  or  deprivation 
of  life ;  it  is  an  act  of  dying,  or  of  death  it- 
felf. It  is  by  comparing  the  condition  of  the 
blood  when  moving  in  the  vefTels  of  a  living 
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animal,  and  taking  that  condition  as  the  ftand- 
ard  of  its  perfection,  that  we  are  to  judge  of 
the  various  morbid  changes  which  it  under- 
goes.   It  is  thus  we  find  that  blood,  in  its 
moft  perfect,  is  in  a  fluid  ftate,  in  union  and 
in  motion;  in  its  mod  imperfect  ftate,  it  is  de- 
compofed  into  a  folid  and  fluid  form,  and  is  at 
reft.    The  parts  that  are  folid,  conftitute  the 
refufe  of  the  whole ;  they  form  thofe  parrs 
that  are  never  employed  for  the  purpofe  of 
reftoration  or  of  fecretion.    On  the  contrary, 
the  parts  which  continue  fluid  are  thofe  which 
are  efpecially  employed  for  the  purpofe  of  re- 
ftoration and  of  fecretion  alfo.     This  fluid 
portion,  however,  cannot  always  preferve  its 
fluidity  when  expofed  to  the  action  of  exter- 
nal caufes  ;  it  lofes  this  prefervative  power  alio  j 
it  becomes  acted  upon,  and  converted  from  a 
fluid  to  a  folid  ftate  ;  in  confiftency  it  becomes 
like  the  coagulated  lymph  or  folid  crafTamen- 
tum,  and  the  whole  is  changed  from  the  real 
nature  of  blood.    The  action  that  takes  place 
(the  change,  it  ought  to  have  been  faid)  does 
not  arife  from  any  power  of  the  blood  within 
itfelf  which  it  contains :  it  proceeds  from  a 
lofs  of  power ;  it  does  not  change  itfelf,  but 
it  becomes  changed,  whether  by  acids  or  al- 
kalis, 
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kalis,  by  high  degrees  of  heat,  and  more  efpe- 
cially  by  the  conftant  tendency  to  which  it  is 
prone,  and  which  it  fpontaneoufly  undergoes, 
constituting  its  difeafe  and  death. 

If  the  coagulation  of  the  blood  arofe  from 
the  power  of  action  within  kfelf  fimilar  to 
mufcular  contraction,  coagulated  blood  might 
refolve  itfelf  into  a  fluid  form,  by  virtue  of 
its  own  power,  fimilar  to  the  relaxation  of  a 
mufcle.  It  is  far  otherwife:  when  blood  is  ex- 
travafated  out  of  the  veffels,  the  firft  change 
which  it  generally  undergoes,  is  a  feparation 
into  parts  ;  into  crafTamentum,  whiclj  coagu- 
lates ;  and  into  ferum,  which  remains  fluid. 
Although  this  fluid  ferum  may  be  coagulated 
and  made  folid,  folid  ferum  or  coagulated 
lymph  cannot  be  refolved  back  again,  of  itfelf, 
into  a  fluid  form  ;  that  is  to  fay,  it  may  be 
changed  from  a  good  and  a  healthy  {tate,.to  a 
bad  and  a  difeafed  one  ;  but  it  cannot  be  me- 
liorated from  this  bad  into  a  good  ftate,  without 
the  operation  of  the  organ  by  which  it  was 
formed,  and  on  which  its  perfection  depends. 

If  all  the  parts  of  the  blood  pofleffed  their 
prefervative  powers  in  an  equal  degree,  the 
whole  would  remain  in  a  fluid  homogeneous 
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ftate  out  of  the  body,  as  we  behold  it  moving 
within  it :  if  it  feparated  into  parts,  inftead  of 
feparating  at  different  intervals,  it  would  fe- 
parate  at  one  and  the  fame  time.  It  is  far 
otherwife  :  fuch  is  the  plenitude  of  life  which 
the  ferum  contains,  that  it  retains  its  tranfpa- 
rent  colour  and  fweetnefs  for  a  confiderable 
time.  On  the  contrary,  it  is  owing  to  the 
paucity  of  living  power  which  the  craflamen- 
tum  poffefTes,  that  its  prefervative  powers  are 
fo  foon  loft,  that  it  emirs  a  quantity  of  gazeous 
matter,  and  becomes  putrid.  Wifhing  to  af- 
certain  the  relative  power  of  prefer vation  be- 
tween both,  I  took  four  ounces'  of  ferum,  and 
four  ounces  of  the  craflamentum,  from  the 
fame  perfon,  after  the  feparation  had  taken 
place,  at  a  time  when  the  thermometer  was  at 
60.  In  four  days  the  craffamentum  gave  out 
a  quantity  of  foetid  vapours,  and  in  fix  days 
was  completely  putrid.  On  the  contrary,  the 
ferum  preferved  its  fweetnefs  and  homogeneous 
nature  for  feventeen  days.  It  then  began  to 
become  ropy  or  coagulate ;  to  give  out  vapours 
alfo ;  and  in  three  days  more  it  was  orFenfive 
to  the  fmell.  I  took  eight  ounces  of  blood, 
and  prevented  the  feparation  of  it  into  parts, 
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by  agitating  the  whole  together  until  a  coagu- 
ium  was  formed.  I  found  its  prefervative 
power  neither  fo  ftrong  as  the  pure  ferum,  nor 
lb  weak  as  the  craffamentum  ;  but  a  medium 
as  it  were  between  both  ;  it  became  very  of- 
fenfive  to  the  fmell  in  twelve  days. 

I  expofed  the  ferum  and  craffamentum  fe- 
parately  to  the  action  of  the  different  acids  ; 
the  ferum,  I  found,  was  immediately  coagu- 
lated, and  became  like  the  albumen  ovi.  On 
the  contrary,  the  craffamentum  became  decom- 
pofed ;  a  number  of  very  offenfive  vapours 
were  extricated,  and  the  refiduary  matter  form- 
ed a  folid  fubftance  of  a  carbonaceous  colour. 
The  fame  effects  took  place  by  expofure  to 
heat;  the  craffamentum  became  folid  at  a 
very  low  degree  of  heat.  On  the  contrary,  it 
requires  153  degrees  for  the  coagulation  of  the 
ferum.  There  are,  however,  two  fmall  propor- 
tions of  the  ferum  that  do  not  feem  to  be  fuf- 
ceptible  of  this  act :  one  part  is  called  by  Senac 
the  ferofity  of  the  blood,  and  another  part  that 
goes  off  in  the  form  of  vapour.  I  have  frequent- 
ly watched  the  feparation  which  the  blood  un- 
dergoes, from  the  time  it  was  obtained,  and  I 
think  it  very  probable  that  the  feparation  of 
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this  volatile  matter  favours  the  folidity  which 
is  induced.  It  is  a  fact,  that  the  coagulation  of 
the  blood  is  accelerated  by  expofure  to  heat, 
when  this  evaporation  is  increafed ;  and,  on 
the  contrary,  that  expofure  to  cold  rather  re- 
tards coagulation  ;  fo  that  when  blood  is  drawn 
into  a  bafon  and  immediately  frozen,  if  it  be 
thawed  again,  it  is  found  to  recover  its  fluidity 
alfo  ;  but  if  this  fame  blood  be  again  expofed 
to  heat,  and  the  evaporation  of  its  moft  fubtle 
parts  induced  ;  coagulation  enfues,  without  any 
power  of  its  own  to  refolve  itfelf  back  into  a 
fluid  form. 

After  blood  is  difcharged  from  the  fyftem 
into  a  veflel,  it  either  feparates  into  parts,  or 
coagulates  altogether.  Coagulation  is  the  firft 
change  induced  by  the  a&ion  of  external 
caufes  upon  the  worft  part  of  the  whole,  and 
the  feparalion  that  takes  place  would  feem  to 
arife  from  the  different  degrees  of  living  power 
each  part  refpeclively  contains.  In  ftrong 
conftitutions  in  a  healthy  (late,  or  even  in 
weak  conftitutions  that  are  attacked  with  in- 
flammatory difeafes,  when  the  actions  of  life 
are  particularly  exerted,  a  feparation  very  often 
takes  place ;  a  large  proportion  of  ferum  is 
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(found  to  fubfift,  and  a  fmall  one  of  craflamen*- 
turn  ;  and  the  crafTamentum  itfelf  is  very  corn- 
pad  and  folid.  On  the  contrary,  in  weak 
constitutions,  and  more  efpeciaily  if  attacked 
with  atonic  difeafes,  little  or  no  feparation  en- 
fues,  the  whole  ^either  coagulates,  or  the  red 
parts  continue  diffufed  with  the  ferous, forming 
an  opake  gelatinous  mafs. 

Mr.  Hunter  fays,  u  that  blood  coagulates 
fooner  in  vacuo  than  in  the  open  air."  The 
reafon  is  obvious  ;  in  the  a£t  of  exhaufting  the 
air  which  the  receiver  contains,  a  quantity  of 
the  mod  volatile  part  of  the  blood  itfelf  is 
evaporated  alfo  ;  and  thus  it  is  that  the  de- 
composition which  is  produced,  accelerates  the 
coagulation  of  the  reft. 

He  is  alfo  of  opinion,  "  that  the  fluid  ftate 
pf  the  blood  is  connected  with  the  living  veffel 
which  is  its  natural  fituation,  and  with  mo- 
tion ;  and  that  when  there  is  a  full  power  of 
life,  the  veffels  are  capable  of  keeping  the  blood 
in  a  fluid  ftate  :  a  total  Stagnation  of  the  blood, 
as  in  a  trance,  or  when  the  circulation  has  been 
flopped  for  feveral  hours,  as  in  the  cafe  of  a 
peribn  apparently  drowned,  does  not  make  it 
coagulate ;  and  yet  when  there  are  no  actions 
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going  on  in  a  part,  if  the  blood  ftagnates  for  a. 
much  fhorter  time,  it  will  be  found  coagulated, 
as  in  mortification :  but  then  the  coagulation  is 
to  anfwer  a  good  purpofe,  and  arifes  from  ne- 
ceflity,  which  appears  to  ad:  as  a  ftimulus  in 
difpofing  the  blood  to  coagulate." 

There  can  be  no  doubt,  but  that  a  proper 
harmony  does  fubfift  between  the  veffels  and 
the  blood  they  contain  ;  and  that  fo  long  as  the 
veffels  poffefs  the  full  power  of  life,  they  re- 
tain the  power  of  keeping  the  blood  in  motion 
and  in  a  fluid  ftate,  and  that  this  ftate  of  flui- 
dity and  of  motion  is  the  natural  condition  of 
the  blood  :  although  it  is  very  true,  that  in  a 
trance,  and  in  fome  cafes  of  fufpended  anima- 
tion, the  blood  does  not  move,  and  yet  is 
found  to  continue  in  a  fluid  form.    On  the 
contrary,  in  cafes  of  mortification,  where  the 
actions  of  life,  inftead  of  being  fufpended,  are 
irretrievably  loft,  coagulation  immediately  en- 
fues  ;  it  enfues  in  a  period  much  fhorter  than 
if  the  actions  of  life  were  merely  fufpended. 
This  I  take  to  be  a  true  paraph rafe  of  Mr. 
Hunter's  opinion,  and  which  appears  to  me  to 
lead  to  conclufions  diametrically  oppofite  to 
thofe  he  has  drawn. 

"  The 
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"  The  coagulation  which  takes  place  in 
mortification  is  to  anfwer  a  good  purpofe,  and 
arifes  from  neceflity,  which  [neceflity,  I  fup- 
pofe]  appears  to  act  as  a  ftimulus  in  difpofing 
the  blood  to  coagulate."  The  very  circum- 
ftance  itfelf,  of  coagulation  taking  place  in 
mortification,  (hews,  that  it  does  not  coagu- 
late from  any  action  of  its  own,  having  fome 
good  purpofe  in  view ;  but,  on  the  contrary, 
that  it  coagulates  from  neceflity,  becaufe  it  can- 
not preferve  its  fluid  ftate.  In  the  fame  manner 
as  a  man  that  dies,  he  dies  from  neceflity  alfo, 
becaufe  he  cannot  preferve  himfelf  in  a  living 
ftate.  There  certainly  is  no  ground  whatever 
to  conclude  with  Mr.  Hunter,  that  "  the  coa- 
gulation of  the  blood  arifes  from  a  living 
power  in  the  blood,  influenced,  in  fome  de- 
gree, in  a  way  llmilar  to  mufcular  action.  That 
it  is  an  action  of  life,  proceeding  exactly  upon 
the  fame  principle  as  the  union  by  the  firft 
intention."    Page  28. 

The  colouring  part  of  the  blood  is  far  lefs 
considerable  than  is  generally  imagined,  and 
conftitutes  the  worft  part  of  the  whole.  The 
lower  order  of  animals,  whofe  living  powers 
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are  moft  ftrong,  are  nearly,  if  not  altoge- 
ther, deftitute  of  it ;  and,  in  the  higher  or- 
der of  animals,  it  is  never  employed  for  the 
formation  and  reftoration  of  parts.    Its  pre- 
fervative  powers  are  weak,  whilft  thofe  of  the 
ferum  are  ftrong  :  the  one  putrefies  foon,  the 
other  continues  fweet  long.    I  have  known 
it  continue  in  an  apparently  healthy  ftate, 
when  effufed  in  the  cavity  of  the  thorax,-ab- 
domen,  or  tunica  vaginalis,  for  months  and 
years,  in  dropfies  of  thofe  parts  ;  although  it 
foon  decompofes  and  becomes  putrid,  after  be- 
ing difcharged  by  expofure  to  the  a&ion  of 
the  air.    We  muft  therefore  confider  the  fe- 
rum and  coagulable  lymph  of  the  blood  as 
the  moll  vital  parts  of  the  whole,  which  con- 
tain the  general  life  common  to  the  whole,  the 
materia  vitas  diffufii ;  but  differing  from  the 
federal  parts  of  the  fyftem  in  being  deftitute 
of  all  power  of  fpecific  action. 

The  different  organs  pf  which  the  fyftem  is 
compofed  not  only  poffefs  in  common  with 
the  blood  the  general  life  of  the  animal,  but 
they  have  connected  with  it  the  fpecific  power 
alfo,  the  materia  ;  vitae  coacervata  ;  whereas 

blood 
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blood  polTeffes  the  general  life  only,  but  is  to- 
tally deftitute  of  any  fpecific  power. 

It  is  this  general  life  which  is  diffufed 
throughout  the  whole  of  the  fyftem,  that  is 
the  caufe  of  the  unity  and  totality  that  prevails 
in  every  one  fyftem  ;  why  no  part  of  the  fyf- 
tem is  diftinel:  from  the  whole,  and  why  one 
fyftem  is  feparate  and  diftinel:  from  the  com- 
mon matter  by  which  it  is  furrounded.  But  it 
is  ihe  fpecific  power  which  the  different  organs 
polfefs,  that  conftitutes  the  means  by  which  the 
various  phenomena  of  life  are  difplayed,  and 
why  one  fyftem  is  different  from  another  in 
the  different  actions  they  perform. 

The  Relation  which  the  Blood  bears  to  the 

Organs. 

The  parts  of  the  blood  which  contain  the 
general  life  of  the  fyftem  in  the  moft  eminent 
degree,  with  the  leaft  proportion  of  fenfible 
properties,  are  thofe  that  are  beft  fitted  to  be 
acted  upon,  and  converted  by  the  different 
organs  to  which  they  are  applied.  It  cannot  be 
the  red  parts,  becaufe  the  fenfible  qualities  they 
poffefs  of  colour  and  of  figure  muft  difqualify 
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them  to  receive  the  impreflion  from  the  or- 
gans ;  and  the  tendency  thefe  parts  poflefs  to 
diflblution,  renders  them  unfit  to  become  fub- 
fervient  to  the  reftoration  of  living  parts.  On 
the  contrary,  when  we  reflect  on  the  proper- 
ties of  the  ferum  and  coagulable  lymph,  it 
muft  evidently  appear  that  thofe  parts  are  emi- 
nently qualified  to  be  a£ted  upon  and  con- 
verted ;  they  are  not  only  deftitute  of  all  fen- 
fible  qualities,  whether  of  colour  or  of  figure, 
but  the  high  degree  of  prefervative  property 
they  poflefs,  fits  and  adapts  them  in  a  moft  emi- 
nent degree  to  form  the  fubject  matter  out  of 
which  the  different  parts  of  the  fyftem  are  con- 
ftituted  and  renewed,  and  the  various  fecretions 
produced.  This  portion  therefore  of  the  blood 
is  colourlefs,  inodorous,  and  fluid,  pofiefling 
alt  aptitude  in  general,  and  nofenfible  quality: 
by  virtue  of  its  living  principle,  it  fubfifts  in 
perfect  harmony  with  the  veflel  by  which  it 
is  contained.  It  may  be  called  therefore  the 
primary  matter  with  refpect  to  the  organs. 
It  is  with  a  view  to  preferve  this  aptitude  in 
the  blood,  and  to  prevent  the  fenfible  quali- 
ties which  the  red  parts  contain,  from  being 
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employed  or  exerting  any  influence  upon  the 
organs,  that  we  behold  the  final  caufe  for  the 
exhalant  termination  of  the  arteries  into  ca- 
pillary tubes,  by  means  of  which  a  mechanical 
caufe  exifts,  to  prevent  a  mechanical  evil.  If 
it  were  not  for  this  mode  of  conftrudlion,  if 
the  exhalant  termination  of  the  veffels  were 
large  inftead  of  fmall,  not  only  the  ferous  but 
the  globular  parts  of  the  blood  would  be  per- 
mitted to  flow  through  ; — thofe  parts  of  the 
whole  that  pofTefs  quality  without  aptitude, 
that  would  act  upon  the  organs,  inftead  of  pof- 
fefling  the  fitnefs  to  be  acted  upon  by  them. 
There  is  therefore  a  gradual  diminution  in  the 
fize  of  the  vefTels,  that  the  contents  which  they 
difcharge  may  be  of  the  moft  pure  and  of  the 
moft  living  kind  ;  by  its  living  property,  that 
it  may  be  fitted  to  reftore  the  lofs  which  the 
fyftem  fuftains  j  and  by  its  tenuity,  that  it  may 
be  accommodated  to  the  power  of  the  part  in 
which  it  is  depofited.  It  is  therefore  propelled 
without  refilling,  and  follows  the  impulfe  it  re- 
ceives from  the  velfels  in  which  it  is  contained. 

Beholding  as  we  do  a  difference  of  colour  in 
different  parts  of  the  fyftem,  of  different  parts 
endued  with  apparently  the  fame  conftruftion, 
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it  is  probable  that  the  termination  of  the  vef- 
fels  varies  in  a  confiderable  degree  ;  as  there  are 
fome  mufcles  that  are  almoft  white,  and  others 
again  are  perfectly  red.  The  blood  is  distributed 
to  the  different  parts  of  the  fyftem  for  their  reno- 
vation and  fupport,  and  to  the  various  glands 
of  the  body,  by  whofe  power  it  is  changed,  and 
from  whence  their  feveral  fluids  are  formed. 

It  is  in  this  point  of  view  that  blood  is  to  be 
confidered  with  refpect  to  the  organs  ;  the  one 
poffeffing  all  aptitude  to  be  acted  upon,  and  no 
power  of  acting-;  the  other  poffeffing  all  power 
of  acting,  butnoaptitude  to  beaded  upon.  Blood 
bears  the  fame  relation  to  the  power  which  the 
organs  feverally  poffefs,  that  brick  and  mortar  do 
to  the  architect  and  to  the  artift,  out  of  which  a 
building  is  erected.  Blood  has  no  more  the 
power  to  convert  itfelf  into  any  particular  or- 
gan, than  brick  and  mortar  have  of  themfelves 
the  power  to  form  a  building.  Blood  comtitutes 
the  materials  only;  the  living  power  of  the  part 
in  which  it  is  depofited,  constitutes  the  architect 
by  which  it  is  faffiioned  and  changed — by  the 
liver  into  bile — by  the  pancreas  into  pancreatic 
juice — by  the  teftis  into  femen,  &c.  &c.  It  is 
therefore  the  organs  that  act,  and  the  blood 

which 
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which  is  acted  upon  :  whilft  the  former  are  ac- 
tive, the  other  is  paffive  :  a  mere  tabula  rafa 
alone.  On  the  contrary,  if  the  blood  poffeffed 
any  power  of  action  within  itfelf,  by  virtue  of 
the  fenlible  properties  it  contains  ;  if  it  had 
the  power  of  converting  itfelf,  by  itfelf,  either 
into  different  organs  or  into  different  fluids, 
no  neceffity  could  fubfift  for  the  exiftence  of 
glands,  fince  the  procefs  of  converfion  and  of 
fecretion  could  take  place  without  their  in- 
fluence. We  might  as  well  fuppofe  that  a  build- 
ing can  be  erected  without  hands,  and  defigned 
without  a  defigner :  it  is  to  fuppofe  an  effect 
produced  without  a  producing  caufe,  or  at 
leaft  that  the  effect  and  the  caufe  are  one  and 
the  fame  ;  a  doctrine  fanciful  and  falfe,  which 
never  has  fubfifted  and  never  can  fubfift. 

If  the  different  fecretory  organs  were  alike 
formed,  and  the  blood  that  flowed  into  them 
the  fame  in  all,  there  could  be  only  one  kind 
iof  fecretion.  Seeing  however,  as  we  do,  that 
the  blood  is  apparently  the  fame,  and  that  the 
>rgans  are  in  their  conftrudion  totally  dif- 
ferent, we  rauft  neceffarily  conclude,  that  the 
variety  we  behold  in  the  nature  of  the  fecre- 

I  2  tions 
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tions  produced,  depends  on  the  power  of  the 
organs,  and  the  peculiarity  of  their  fabric,  and 
not  on  the  power  of  the  blood.  If  the  blood 
were  the  agent  in  the  office  of  fecretion,  we 
fhould  be  led  to  expect  that  the  quality  of  the 
fecretions-  would  depend  on  the  nature  of  the 
part  from  whence  the  blood  was  derived.  It  is 
far  otherwife :  we  frequently  behold  an  irre- 
guiarky  in  the  origin  of  the  arteries  which 
fupply  particular  parts,  although  the  matter 
to  which  it  is  afterwards  converted  is  the  fame. 
For  example :  the  fpermatic  arteries  fometimes 
arife  from  the  emulgent,  inftead  of  the  iliacs, 
and  the  emulgents  themfelves  from  the  fper- 
matics.  If  the  blood,  therefore,  had  any  power 
in.  the  office  of  fecretion,  inftead  of  the  glands, 
we  ought  to  fee  the  teftes  fecreting  urine  in- 
flead  of  femen,  and  the  kidneys  fecreting  fe- 
men  inftead  of  urine.    A  fabjecl:  fell  to  Mr. 
Abemethy's  lot  for  difleclion,  in  which  the 
liver,  inftead  of  being  fupplied  with  blood  for 
its  fecretory  office  from  the  vena  porta,  was 
fupplied  by  many  arteries  with  arterial  blood, 
and  yet  the  bile  did  not  feem  effentially  different 
from  what  it  is  ufually  found.  If  blood  had 

the 
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thepower  of  acting  upon  glands,  it  could  not 
conftitute  the  mere  fubjed  matter  that  was 
acted  upon  by  them.  Inftead  of  being  depofited 
into  them,  by  exhalant  outlets,  it  would  be 
poured  out  from  open  canals  ;  inftead  of  being 
converted  by  the  organs,  it  would  convert  the 
organs  to  its  own  nature ;  inftead  of  harmony 
fubfifting  between  the  parts,  there  would  be 
perpetual  warfare  in  the  whole. 

If  thefe  ideas  were  true,  the  blood  would 
indeed  be  what  Mr.  Hunter  fuppofed  :  it  would 
be  an  animal  within  an  animal,  an  animal 
that  fed  and  preyed  on  the  folids,  by  the  power 
of  which  it  was  produced,  and  to  which  it  is 
deftined  to  be  fubfervient :  inftead  of  the  folids 
feeding  on  the  blood,  it  would  be  the  blood 
feeding  on  the  folids.  We  ought  therefore 
rather  to  conclude,  that  the  organ  is  the  part 
that  acl:s,  and  the  blood  is  the  fubject  matter 
which  is  acted  upon. 

For  fecretion  therefore  to  take  place,  there 
muft  fubfift  the  co-operation  of  two  caufes — 
power  in  the  organ,  and  aptitude  in  the  blood 
as  the  fubject  matter :  it  is  the  organ  that  im- 
parts, Similar  to  the  impreflion  engraved  on  the 
feal  j  it  is  the  blood  that  receives  the  impref- 

I  3  fion ' 
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fion  from  the  organ,  fimilar  to  the  wax  from 
the  quality  of  the  feal  *. 

It  is  by  this  relation  of  power  in  the  organs, 
and  aptitude  only  in  the  blood,  that  the  whole 
proceffes  are  effected  of  fecretion  and  of  growth : 
it  is  by  the  energy  of  the  living  principle  which 
the  fcetus  exerts  on  the  blood  it  receives,  that 
evolution  is  produced,  and  not  from  any  active 
powers  in  the  blood.  If  the  ovum  were  re- 
moved, in  which  the  fcetus  is  involved,  and 
the  fame  blood  were  applied  to  the  uterus,  a 
coagulum,  a  rudis  indigeftaque  moles  would 
be  formed,  perpetually  verging  to  coagulation 
and  to  putrefaction.  On  the  contrary,  when  the 
blood  is  applied  to  the  living  power  of  the 
embryo,  it  becomes  modelled  and  organized, 
tending  to  action,  and  pofTefling  the  power  of 
prefervation.  It  is  by  the  fame  procefs  that 
the  acorn  becomes  evolved  into  an  oak,  out  of 
matter  paffive  and  formlefs,  and  in  fhort  thq 
whole  of  animated  creation  t. 

It 

*  It  is  very  probable  that  the  exhalant  outlets  of  the 
arteries,  which  terminate  in  glands,  are  differently  con- 
ftructed,  in  order  that  the  quality  of  the  blood  may  be 
properly  adapted  to  the  feveral  natures  of  each. 

f  It  is  a  matter  that  ought  to  be  ever  prefent  to  the 
mind,  that  the  caufe  of  vitality  had  a  fubfiftence  prior  to 
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It  is  by  afcertaining  the  nature  of  the  blood 
in  the  aggregate  and  in  its  parts,  when  it  fubfifts 
in  its  moft  perfect  and  imperfect  ftate,  and  by- 
comparing  one  ftate  with  the  other,  that  we  are 
able  to  know  whether  coagulation  of  the  blood 
can  arife  from  an  action  of  its  own,  and  whe- 
ther that  a&ion  proceeds  from  an  effect  of  the 
living  principle  it  contains.  Can  it  be  pre- 
tended by  the  fupporters  of  Mr.  Hunter's  opi- 
nion, that  the  craffamentum  is  more  alive 
by  remaining  fome  time  out  of  the  fyftem, 
when  it  is  expofed  to  the  operation  of  thofe 
caufes  that  produce  its  death,  than  it  was  when 
moving  in  a  fluid  form  in  a  living  animal?  As 
foon  as  it  is  difcharged  from  the  veffels  of  a 

the  organization  ;  the  organization  itfelf,  a  fubfiftence 
prior  to  the  fubjedt  matter  on  which  it  operates.  For  ex- 
ample :  the  ftomach  before  the  food  ;  the  tongue  before 
fapid  bodies  ;  the  nofe  before  thofe  that  poflefs  flavour. 
It  is  the  greateft  error  that  can  be  conceived,  in  thofe  that 
fuppofe  that  there  is  any  fuch  thing  abfolutely  cxifting  in 
nature,  as  flavour,  or  tafte,  or  found,  kc.  It  is  owing  to  the 
relation  which  thefe  fubftancesbear  to  animated  beings,  that 
we  fay,  fuch  and  fuch  things  are  articles  of  food— of  food 
to  what  ?  To  the  Romach.  Without  the  ftomach,  the  cab- 
bage is  a  mere  vegetable  fyftem  only  ;  but  it  becomes  food 
when  applied  to  the  digcftive  organs  of  any  animal— and 
fo  on  of  the  reft. 

I  4  living 
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livinganim'aljit  generally  feparates,  and  aflumes 
a  fluid  and  a  folid  form,  or  becomes  altogether 
folid,  as  we  behold  in  the  veflels  after  the  actions 
of  life  have  ceafed.  If  it  be  true,  as  it  is  con- 
tended, that  there  does  exift  coagulable  lymph 
feparate  and  diftinct  in  its  properties  from  the 
ferum,  no  action  of  life  is  neceflary  to  make 
it  coagulate,  fmce  it  is  fo  already.  The  actions 
of  life  are  neceflary  to  make  it  what  it  is  not, 
that  is  to  fay,  to  make  this  coagulable  part  of 
a  fluid  nature.  Beholding  however,  as  we 
do,  that  the  ferum  may  be  coagulated,  by 
feparation  from  the  living  fyftem,  and  more 
efpecially  by  the  operation  of  chemical  bo- 
dies ;  I  think  it  more  reafonable  to  conclude, 
that  the  feparation  which  takes  place  of 
the  ferum  from  the  craflamentum,  proceeds 
from  the  unequal  degree  of  prefervative 
power  contained  in  each  ;  that  the  ferum  con- 
tinues fluid,  fo  long  as  it  retains  this  prefer- 
vative property;  that  it  then  gradually  lofes 
its  fluidity  with  its  life,  becomes  folid,  and 
ultimately  dies. 

I  mail  briefly  relate  the  hiftory  of  a  cafe 
that  fell  to  my  care,  with  a  view  of  fhewing 
how  ftrongly  difpofed  the  ferum  or  coagula- 

:  V  ble 
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ble  lymph  is  to  coagulate  in  confequence  of 
difeafe.  A  man  aged  twenty-two,  originally 
of  a  healthy  habit,  became  extremely  ema- 
ciated, and  hi?  confritution  very  much  im- 
paired, from  a  very  fevere  courfe  of  mercury, 
and  neglecting  himfelf  during  that  time  :  he 
was  afterwards  feized  with  a  violent  cough; 
a  copious  expectoration  of  mucus  from  the 
furface  of  the  bronchia  took  place,  often  mixed 
with  ftreaks  of  red  blood  ;  he  generally  com- 
plained of  an  acute  pain  in  his  chert;  his  pulfe, 
which  had  always  been  very  quick,  became  fo 
irregular  that  it  could  not  be  counted. 

After  thefe  fymptoms  had  continued  a  fort- 
night, fmall  folid  pieces  of  coagulating  lymph 
were  coughed  up  in  the  form  of  worms.  The 
expulfion  of  them  was  always  effected  by  afitof 
coughing,  leaving  behind  an  exceffive  forenefs 
in  fome  part  of  the  cheft.  In  proportion  as  he 
became  weaker,  thefe  portions,  which  were  very 
numerous, progreffively  increafed  in  magnitude, 
and  affumed  a  ramified  appearance.  The  rami- 
Tications  were  fo  numerous  in  many  inftances, 
that  it  appears  to  me  they  muft  have  filled 
the  greateft  number  of  the  bronchia  of  one  of 
the  lobes  of  the  lungs.  They  were  attached  to  a 

trunk. 


123       THE  RELATION  WHICH  THE 


trunk,  which,  I  fuppofe,  filled  the  branch  of 
the  trachea  after  its  divifion.  They  were  per-r 
fe&Iy  folid  in  their  texture,  and  he  was  nearly 
fuffocated  feveral  times  in  the  act  of  expecto- 
ration. The  fits  of  coughing,  however,  pro- 
greffively  diminiflied  in  violence  ;  the  man's 
health,  by  proper  medicine  and  diet,  became 
xeftored,  and  he  finally  recovered  altogether  *. 

Such  is  the  prefervative  power  of  the  ferum, 
that  it  continues  fluid  out  of  the  body,  unlefs  it 
be  expofed  to  153  degrees  of  heat ;  and  it  re- 
quires the  active  power  of  chemical  fubftances 
to  make  it  undergo  the  fame  alteration.  Will 
it  be  pretended,  that  ferum  coagulated  by  thefe 
means  proceeds  from  a  living  action  of  thefe 
dead  bodies  ?  Is  it  not  more  reafonable  to  con- 
clude, that  the  change  it  fuftains,  from  its  na- 
tural fluid  ftate,  proceeds  from  a  diminution  of 
living  power  ;  and  that  it  is  therefore  made  to 
affume  a  coagulated  form  ?  In  difeafes,  the 
blood  feems  to  undergo,  in  common  with  the 

*  This  is  the  fame  cafe  which  Mr.  Hunter  has  related 
in  his  book  upon  the  blood,  page  575.  in  which  he  has 
given  an  engraving  of  a  fpecimen  of  the  coagulating 
lymph  which  I  prefented  to  him,  and  that  by  no  means 
the  largeft  of  the  whole. 

2  folid 
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folid  parts,  very  confiderable  alteration ;  and 
there  are  fome  difeafes  that  appear  to  affect 
the  blood  more  than  the  folids. 

I  muft  therefore  repeat,  that  the  blood  con- 
ftitutes  the  fubjeet  matter  out  of  which  the 
different  parts  of  the  fyftem  are  formed  and 
renewed ;  it  bears  the  fame  relation  to  the 
organs,  as  the  block  does  to  the  ftatue :  if  the 
block  were  already  chifeled  into  a  ftatue,  the 
prior  exiftence  of  that  ftatue  would  render  the 
marble,  whilft  in  that  condition,  unfit  for  the 
art  of  the  ftatuary  ;  but,  being  a  plane  alone,  it 
becomes  a  fit  recipient  for  the  figure  he  pur- 
pofes  to  engrave. 

It  is  the  fame  with  blood.  Blood  poflefles  all 
paffivity  and  no  power ;  being  all  capacity,  it 
becomes  fitted  to  be  acted  upon,  without  having 
the  power  of  acting  :  if  it  poffeffed  any  power 
of  acting,  it  would  refill;  the  action  of  the  or- 
gans to  which  it  was  applied  ;  it  would  act  upon 
them,  inftead  of  being  changed  and  converted 
by  them  ;  it  moves,  without  having  any  power 
of  moving  itfelf ;  it  is  propelled,  without  re- 
fitting, and  follows  the  jmpulfe  it  receives  from 
the  veffels  in  which  it  is  contained,  and  by 
which  it  is  conveyed. 

Whenever 


124       THE  RELATION  WHICH  THB 


Whenever  this  relation  between  the  blood 
and  the  organs  is  loft,  a  total  inverfion  of  prin- 
ciple exifts,  and  difeafe  enfues.  If  the  blood, 
which  is  conveyed  to  the  different  parts  of  the 
fyftem  for  the  reftoration  of  the  wafte  it  fuf- 
tains,  preferves  the  identity  of  its  nature  unal- 
tered and  unchanged,  no  reftoration  of  parts 
can  take  place.  The  interftitial  fluid  which  is 
effufed  from  the  exhalant  veflels  progreffively 
accumulates,  and  anafarca  follows.  Such  is  the 
prefervative  property  which  the  ferous  or  in* 
-  terftitial  fluid  pofleffes,  that  it  generally  con- 
tinues in  a  fluid  ftate,  fubfifting  in  harmony 
with  the  living  parts  in  which  it  is  depofrted  *. 
On  the  contrary,  when  inflammation  exifts, 
the  increafed  adion  which  the  veflels  fuftain, 
not  only  forces  the  moft  fluid  parts  of  the  blood, 
but  fome  of  the  more  coagulated  and  red  parts 
alfo.  Blood  of  this  defcription  is  totally  unfit 
for  the  purpofe  of  organization.  If  it  continues 

*  This  difeafe  does  not  fo  much  arife  from  a  defe£l  of 
the  blood,  as  from  the  weaknefs  of  the  folid  parts,  by 
which  they  axe  prevented  from  organizing  the  fluid  which 
is  applied  to  them.  The  folid  parts,  when  in  a  healthy 
ftate,  a£t  upon'  the  blood  precifely  in  the  fame  manner  as 
the  living  principle  of  the  embryo  did  upon  the  contents 
of  the  ovum. 
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in  the  part  where  it  is  depofited,  it  progref- 
fively  lofes  its  prefervative  power ;  it  coagu- 
lates, arid  ultimately  affumes  a  purulent  ap- 
pearance.   The  change  that  the  ferum  alone 
fuftains,  when  it  is  depofited  in  circumfcribed 
cavities  that  are  excluded  from  the  influence 
of  the  external  air,  is  much  flower  than  when 
it  is  efiufed  from  cut  furfaces,  or  from  canals 
having;  an  external  outlet.    The  influence  of 
the  external  air  accelerates  the  procefs  of  de- 
compofition,  and  makes  it  change  from  a  fe- 
rous  or  coagulated  ftate  to  a  purulent  one. 

The  coagulation  of  the  ferum  or  coagulable 
iymph  conftitutes  a  medium  ftate  between  the 
fulnefs  of  its  life  when  perfectly  fluid,  and  the 
total  privation  of  it  when  it  becomes  purulent 
and  ofFenfive :  in  circumfcribed  abfeeffes  the 
veflfels  contain  and  difcharge  fluid  ferum  be- 
fore ferum  coagulated,  and  ferum  coagulated 
before  purulent  ferum  or  pus.    Thefe  are  all 
different  changes  the  fame  fubftances  undergo, 
owing  to  the  different  degrees  of  prefervative 
properties  they  contain  and  lofe  *. 

I  could 

*  I  have  frequently  deftroyed  the  prefervative  property 
of  ferum,  by  expofure  to  heat :  it  coagulates  like  the  al- 
bumen 
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I  could  illuftrate  this  principle  by  an  infi- 
nite number  of  facts  ;  I  mail  however  confine 
myfelf  to  one.  Mrs.  D.  had  an  ovarial  dropfy, 
which  was  tapped  at  firft  every  nine  months ; 
the  accumulation  of  ferum  progreffively  in- 
creafed,  and  it  became  neceflary  to  tap  her 
at  fhorter  intervals — from  nine  tc  fix  months* 
from  fix  months  to  four  ;  and  ftie  was  tapped 
towards  the  latter  period  of  her  exiftence  every 
fortnight.  She  lived  fix  years  from  the  time 
that  the  firft  operation  was  performed,  to  her 
final  difTolution.  For  the  firft  four  or  five 
years  her  general  health  continued  unimpaired: 
the  ferum  that  was  difcharged  was  perfectly 
transparent  and  inodorous.  When  ftie  became 
weakened  and  emaciated  (and  fhe  was  natu- 
rally of  a  very  {lender  form)  the  difcharged 
fluid  diminifhed  in  quantity,  but  increafed 
in  thicknefs;  fo  that,  the  two  or  three  laft  times 
that  fiie  was  tapped,  nothing  elfe  than  a  fmali 
portion  of  thick  gelatinous  matter  was  obtained. 
On  opening  her  body  after  death,  my  worthy 

friend  and  partner  Mr.  Wallhman  and  I  found 

i 

bumen  ovi,  and  ultimately  becomes  purulent;  and  the 
craflamentum  itfelf  is  fo  firmly  coagulated,  that  it  is  per- 
fectly brittle. 

that 
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that  the  difeafe  was  fituated  in  the  right  ova- 
rium, which  occupied  the  whole  anterior  fur- 
face  of  the  abdomen,  extending  as  high  as  the 
diaphragm.  It  was  nearly  full  of  large  maffes 
of  coagulated  matter,  partly  ferum  coagulated, 
and  ferum  purulent,  or  perfect  pus  *. 

It  was  a  favourite  opinion  of  Mr.  Hunter, 
"  that  the  production  of  pus  depended  on  a 
particular  action  in  the  veflels  ;  that  it  was,  in 
fact,  a  fecretion  formed  from  a  fimilar  ftructure 
of  veflels,  as  the  fecretion  from  the  blood." 

Mr.  Home,  his  nephew,whom  I  have  already 
mentioned  with  obligation,  made  a  number  of 
experiments  with  a  view  of  confirming  that 
opinion.  It  however  appears  from  thofe  facts, 
that  pus,  inftead  of  being  fecreted  from  the 
veflels,  only  obtains  a  globular  and  a  purulent 
form  after  extravafation ;  and,  confequently, 
that  it  is  not  produced  as  Mr.  Hunter  fuppofed, 

*  I  could  mention  other  cafes  of  a  fimilar  kind.  The  in- 
ference from  them  is  obvious.  Whilft  the  general  habit 
continues  good,  the  .ferum  retains  its  prefervative  proper- 
ties, and  therefore  continues  fluid.  When  emaciation  and 
difeafe  take  place,  the  ferum  lofes  its  prefervative  proper- 
ties ;  it  coagulates,  and  ultimately  aflumes  a  purulent  form. 

and 
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and  as  Mr.  Home  has  endeavoured  to  con- 
clude *. 

Mr.  Home  expofed  the  furface  of  a  healthy- 
granulating  fore  upon  the  upper  furface  of  the 
prepuce  of  an  healthy  young  man,  about  two 
inches  fquare,  forming  good  pus :  he  wiped 
the  fore,  and  applied  four  very  fmall  pieces  of 
talc  upon  different  parts  of  it,  immediately  af- 
terwards covering  the  whole  with  a  plaifter  of 
common  cerate,  fpread  upon  lint,  to  take  off 
the  effect  of  expofure. 

In  Jive  minutes  he  removed  one  of  the 
pieces  of  talc,  and  examined  the  fluid  on  its 
furface,  which  appeared  like  a  thin  tranfparent 
jelly  divided  into  maffes,  but  in  which  no  glo- 
bules could  be  diftinguifhed. 

Exper.  4.  In  ten  minutes  another  piece  was 
examined,  and  the  appearance  was  like  the 
former ;  but  at  the  bottom  a  number  of  fmall 
globules  could  be  readily  difcerned. 

In  fifteen  minutes  a  third  piece  was  examin- 
ed, and  the  whole  mafs  appeared  to  be  'made  of 

*  See  Mr.  Home's  Diflertafion  on  the  Properties  of 
Pus,  that  gained  him  the  prize  medal  given  by  the  Lyceum 
Medicum  Londinenfe. 

fmall 
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fmall  globules  ;  but  thefe  were  almoft  tranfpa- 
rent,  and  feemed  to  become  more  diftinct  and 
opaque  while  looking  at  them. 

In  twenty  minutes  the  fourth  piece  was 
examined,  the  globules  were  found  more  nu- 
merous and  more  opaque,  like  thofe  of  common 
pus. 

It  is  impoflible  for  fa&s  to  be  more  decifive 
than  thofe  I  have  related,  to  prove  that  pus  is 
not  formed  by  the  action  of  veffels ;  but,  on 
the  contrary,  that  it  proceeds  from  the  natural 
ftate  of  decompofition  which  blood  fuftains, 
when  it  lofes  its  prefervative  properties,  and 
changes  from  a  fluid  to  a  folid  or  coagulated 
ftate,  and  finally  to  a  purulent  one. 

That  the  coagulation  of  the  ferum  does  not 
proceed  from  the  action  of  the  granulations  is 
proved,  as  decifively  as  that  it  does  not  pro- 
ceed from  the  a&ion  of  the  velfels. 

Exper.  5.  The  fore  being  expofed  and 
wiped  dry,  Mr.  H.  applied  to  different  parts 
of  its  furface  two  pieces  of  talc,  and  covered 
the  whole  as  in  Exper.  4.  In  five  minutes  he 
removed  one  piece,  and  found  the  tranfparent 
fluid  mentioned  above,  but  no  globules.  He 

vol.  11.  K  then. 
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then  covered  the  furface  of  the  tak  on  which 
the  fluid  lay  with  another  piece  of  talc,  to  pre- 
vent the  fluid  coming  in  contact  with  the  gra- 
nulations, and  applied  it  again  to  the  fore.  In 
twenty-five  minutes  more  he  examined  it  by 
the  microfcope,  as  alfo  the  fluid  upon  the  other 
piece  of  talc  which  had  remained  thirty  minutes 
upon  the  fore,  and  found,  in  both  of  them,  the 
globules  diftinct  and  very  numerous ;  but  moff. 
fo  upon  the  portion  of  talc  in  contact  with  the 
fore.  This  proves,  fays  Mr.  H.  "  that  after  the 
fluid  is  once  feparated  from  the  veflels,  its 
becoming  globular  is  a  change  taking  place 
within  itfelf,  independent  of  the  fore  which 
fecretes  it."    He  might  have  added,  that  this 
change  is  owing  to  the  ferous  fluid  having  loft 
the  power  of  retaining  its  fluid  ftate,  and  that 
it  therefore  becomes  globular — in  the  fame 
manner  as  milk,  when  it  becomes  four,  fepa- 
rates  and  coagulates,  in  part  forming  cream  ; 
or  as  bile  and  urine,  when  they  concrete,  form- 
ing biliary  and  urinary  calculi.    I  mall  relate 
the  next  experiment ;  as  the  gradual  change 
that  took  place  in  the  fluid  ferum,  to  a  folid 
or  coagulated  form,  was  particularly  noticed. 

Esper. 
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Exper.  6.  I  applied,  fays  Mr.  H.  a  piece  of 
talc  as  before,  and  covered  the  whole  fore  for 
two  minutes.  It  was  removed,  and  its  furface 
examined  by  the  microfcope  :  at  firft  no  glo- 
bules appeared  :  the  examination  was  conti- 
nued five  minutes,  in  which  time  the  globules 
became  exceedingly  diftinct  to  my  own  eye, 
and  to  the  eye  of  another  perfon  well  verfed  in 
microfcopical  experiments. 

There  is  every  reafon  to  fuppofe,  that  dur- 
ing the  active  ftate  of  inflammation,  the  termi- 
nated extremities  of  the  velTels  are  diminimed, 
fo  that  none  but  the  moft  fubtle  parts  of  the 
blood  can  flow  through  ;  thofe  parts  that  pre- 
ferve  their  fluid  ftate,  and  therefore  are  not 
prone  to  coagulate:  on  the  contrary,  when  the 
contracted  ftate  of  the  veiTels  becomes  relaxed 
by  the  termination  of  inflammation,  not  only 
the  moft  ferous  but  the  moft  coagulable  parts 
of  the  lymph  are  poured  out:  it  very  foon  coa- 
gulates after  it  is  difcharged  from  the  veffel  in 
which  it  is  contained,  affumes  a  globular,  and 
ultimately  a  purulent  form.  The  effect:  we  be- 
hold produced  by  a  common  blifter  is  in  proof 
of  this,  where  ferum  is  at  firft  difcharged;  and 

K  2  Mr, 


i$2     PURULENT  STATE  OF  THE  BLOO#. 


Mr.  Home  obferves,  what  indeed  is  obfervable 
by  every  one,  that  in  indolent  ulcers,  whether 
the  indolence  arife  from  the  nature  of  the  con- 
ftitution,  weaknefs  of  the  parts,  or  the  nature 
of  the  inflammation,  the  pus  is  made  up  of 
globules  and  flaky  particles  floating  in  a  tranf- 
parent  fluid  ;  and  thefe  globules  and  flakes  are 
in  different  proportions,  according  to  the  de- 
gree of  indolence.  This  is  particularly  obferva- 
ble in  fcrophulous  abfcefles,  preceded  by  a 
fmall  degree  of  inflammation  ;  and  it  might 
indeed  be  added,  that  in  abfcefles  that  frequent- 
ly occur  without  any  inflammation  preceding  ; 
when  the  whole  of  the  fyftem  is  weak  and 
its  actfota  languid,  the  matter  which  thofe  ab- 
fcefles contain  is  fo  perfectly  coagulated,  that 
it  is  of  a  flaky  appearance,  and  of  a  cheefy 
confiftency.    Mr.  Home,  however,  does  not 
confider  this  matter  as  pus.  The  name  of  a  thing 
fignifies  not ;  the  thing  to  be  proved  is  this, 
that  coagulation  takes  place  in  weak  habits, 
and  efpecially  in  weak  difeafes,  more  perfectly 
than  in  ftrong  habits  in  a  ftate  of  health,  or 
during  the  active  (late  of  inflammatory  dif- 
eafes j  and  confequently  that  the  fpontaneous 

coagulation 
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coagulation  which  the  blood  fuftains  is  a 
change  from  an  healthy  to  a  difeafed  ftate, 
from  a  living  to  a  dying  condition  *. 

I  (hall  merely  ftate  farther,  that  he  expofed 
pus  to  the  action  of  different  chemical  men- 
ftrua  alfo,  and  found  that  of  courfe  it  was  more 
perfectly  deeompofed,  and  totally  killed,  if  I 
may  fo  call  it,  and  that  confequently  this  pus 
from  a  ropy  affumed  a  more  coagulated  form. 

Pus  poured  upon  the  vitriolic  acid,  left 
ftanding  two  hours,  becomes  femi-opaque,  and 
of  a  dark  purple  colour.  With  the  nitrous 
acid  it  effervefces,  the  mixture  becomes  green, 
afterwards  pellucid,  and  then  yellow.  With 
the  phlogifticated  muriatic  acid,  in  two  days 
the  mixture  becomes  an  homogeneous  alh-co- 
loured  mafs. 

Cauftic  volatile  alkali  forms  with  pus  a  very 
vifcid  fluid,  that  fuftains  the  fame  change  from 
the  cauftic  alkaline  lixivium.  The  neutral  fait* 
\n  folution  have  no  effect  upon  pus. 

After 

*  Obvious,  and  fupported  by  fads,  as  this  doctrine  ab- 
folutely  is,  I  cannot  expect  that  it  will  be  generally  adopt- 
ed •,  on  the  contrary,  I  have  no  doubt  that  I  fhall  be  at- 
tacked for  having  advanced  it.    I  (hall,  however,  referve 

K  3  the 
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After  having  pointed  out  the  progreflive 
changes  which  the  ferum  and  coagulable 
lymph  undergo  from  the  pure  and  fluid  ftate 
in  which  they  exift  in  living  veflels,  to  the 
ftate  of  coagulation  and  of  purulency  to  which 
they  are  changed,  either  from  the  effect  of 
difeafe  or  from  the  operation  upon  them  of 
chemical  agents,  it  may  be  proper  for  me 
to  trace  and  ftate  the  final  and  ultimate  ma- 
terials which  this  ftinking  and  purulent  fub- 
ftance  gives  out  when  it  is  completely  de- 
compofed.  I  fhould  not  even  mention  them 
in  this  place,  were  not  thefe  materials  near- 
ly the  fame  as  thofe  that  are  obtained  by 
the  analyfis  of  blood ;  and  I  do  not  think  it 
altogether  irrelevant,  after  having  endeavoured 
to  afcertain  the  property  of  this  fluid  when 
fubfifting  in  a  living  ftate,  to  fhew  by  che- 
mical analyfis  the  materials  of  which  it  is  com- 
pofed  when  in  a  ftate  of  decompofition  or  death. 
"We  might  however  as  well  endeavour  to  afcer- 
tain the  properties  of  chyle  by  a  chemical  ana- 
lyfis of  the  ftinking  fseces,  as  expect  to  attain 

the  privilege  of  a  reply.  I  have  thought  it  candid  on  my 
fide  to  take  from  Mr.  Home  himfelf  the  facts  from  whence 
my  conclufions  are  partly  drawn. 

a  know- 
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a  knowledge  of  blood  from  the  condition  of 
its  different  parts  by  feparation  and  decom- 
pofition. 

The  Chemical  A?ialyfis  of  Pus, 

Frefh  pus,  it  feems,  according  to  Dr.  Brug- 
man,  contains  neither  an  acid  or  an  alkali ;  but 
being  allowed  to  remain  expofed  to  a  moderate 
degree  of  heat,  it  takes  on  other  properties, 
acquires  a  pungent  fmell ;  it  changes  the  fyrup 
of  violets  red  ;  corrodes  copper,  turning  it 
green,  mews  figns  of  an  acid  quality  from 
taking  on  the  acetous  fermentation. 

Subfequent  experiments  made  by  Mr.  Home 
on  pus,  however,  feem  to  contradict  the  affer- 
tion,  and  fhew  that  pus  does  not  undergo  the 
acetous  fermentation.  He  expofed  fome  pus 
to  a  moderate  heat,  and  every  half  hour  tried 
its  efte&s  on  the  fyrup  of  blue  violets,  but  a 
red  colour  could  not  be  produced  (which  is 
the  proper  teft) :  on  the  contrary,  the  change 
it  underwent  was  that  to  a  green. 

The  chemical  analyfis  of  pus  is  as  follows  *  : 
Eight  ounces  and  a  half  of  thick  yellowing 


*  Vide  Mr.  Home's  Diflertation,  page  23. 

K  4  white 
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white  pus,  quite  frefh  and  without  fmell,  dis- 
tilled in  a  fand  heat  never  raifed  above  212 
degrees,  yielded  on  the  firft  day  a  limpid 
phlegm,  firft  without  any  fmell,  but  afterwards 
the  fmell  of  recent  warm  pus  could  be  evi- 
dently diftinguimed  ;  the  whole  quantity,  fe- 
ven  ounces,  two  drachms,  nine  grains. 

This  phlegm  contained  neither  an  acid  or 
an  alkali,  producing  no  change  on  the  blue  co- 
Jour  of  violets,  and,  expofed  to  heat,  evaporated 
wholly  away  like  diftilled  water. 

After  the  phlegm  a  vapour  rofe  by  degrees 
with  an  empyreumatic  fmell.  A  frefh  receiver 
being  applied  to  the  retort,  a  whitifh  phlegm 
with  an  ungrateful  fmell  and  tafte  [I  have  no 
doubt  but  that  it  was  curfed  nafty]  was  col- 
lected, in  quantity  three  drachms. 

This  phlegm  turned  the  infufion  of  blue 
violets  green,  and  formed  a  white  precipitate 
upon  being  added  to  corrpfive  fublimate,  evi- 
dently mewing  that  it  contained  an  alkali : 
from  the  tafte  it  proved  to  be  the  volatile  al- 
kali. With  this  phlegm  a  quantity  of  air  was 
extricated.  The  heat  being  increafed,  a  little  of 
the  dry  volatile  fait  attached  itfelf  to  the  neck 
of  the  receiver,  which  was  foon  diffblved  and  re- 
moved 
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moved  by  the  vapour.  A  phlegm  with  a  ftronger 
fmell  and  a  yellowiih  oil,  which  from  its  weight 
fell  to  the  bottom,  was  collected  in  another  re- 
ceiver, weighing  55  grains  :  the  oil  was  empy- 
reumatic,  fluid,  and  free  from  acidity:  the 
phlegm  was  found  to  contain  a  confiderable 
quantity  of  volatile  alkali. 

An  oil  now  began  to  rife,  deeper  coloured, 
exceedingly  foetid  and  empyreumatic,  with  a 
thinner  yellow  oil  with  which  it  did  not  mix : 
the  vapour  of  the  volatile  fait  formed  cryftals, 
which  attached  themfelves  to  the  fides  of  the 
receiver. 

The  heat  being  now  raifed  till  the  bottom 
of  the  retort  was  red-hot,  a  mafs  was  obtained 
of  the  oil  and  dry  fait,  weighing  two  drachms, 
one  fcruple,  and  fifteen  grains:  of  this  mafs 
one-fourth  part  was  volatile  alkali.  Thefe  em- 
pyreumatic oils,  as  far  as  could  be  obferved, 
refembled  exactly  a  fimilar  oil  obtained  from 
blood. 

The  retort  being  cooled  and  broken,  the  ca- 
put mortuum  was  black,  light,  and  mining, 
weighed  three  drachms  and  five  grains  :  this 
was  put  into  a  crucible,  and  expofed  to  a  vio- 
lent reverberatory  nr,e  for  eight  hours  :  there 

remained 
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remained  eight  grains  of  reddifh  brown  afhes, 
with  an  earthy  tafte  not  at  all  faline  :  thefe 
afhes  fhewed  a  polarity,  on  the  application  of 
the  magnet. 

The  afhes  being  digefted  in  warm  diftilled 
water,  the  liquor  ftrained  and  evaporated,  no 
fait  could  be  obtained  from  them :  upon  add- 
ing to  them  vitriolic  acid,  a  fmall  part  was  dif- 
folved  like  calcareous  earth  ;  the  greateft  part 
was  neither  affected  by  the  vitriolic  nor  nitrous 
acids.  The  above  analyfis  proves,  fays  Mr. 
Home,  "  that  pus  is  compofed  of  the  fame  ma- 
terials with  the  blood  and  animal  jelly,  and  fo 
far  they  are  fimilar ;  the  fame  fubftances  being 
produced  from  both.  A  knowledge  however  of 
the  chemical  properties  gives  little  information 
refpetting  thofe  properties  which  diftinguifh 
pus  from  the  other  parts  of  an  animal,  or  from 
the  different  fecretions." 

That  this  purulent  matter  is  not  produced 
from  a  folution  or  deftruction  of  the  folids, 
but  from  a  mere  depofition  of  the  exhalant 
outlet  of  the  veffels,  is  evidently  proved  from 
the  collection  of  pus  we  frequently  behold  in 
circumfcribed  cavities  ;  and  when  there  is  no 
abrafion  of  the  inverting  membrane,  no  folu- 
tion 
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tion  of  continuity  in  the  organ  which  thofe  ca- 
vities contain :  it  is  proved  when  matter  is 
formed  in  the  cavity  of  the  thorax  between  the 
pleura ;  in  the  abdomen  and  in  the  fcrotum  :  it 
is  found  in  open  canals  ;  in  the  urethra,  by 
the  common  effect  of  gonorrhea,  when  pu- 
rulent matter  mail  continue  to  be  poured  out 
in  abundant  quantities,  without  the  leaft  ul- 
ceration in  any  part  of  that  canal  ;  and 
finally,  it  fometimes  happens  that  the  vef- 
fels  of  different  parts  are  fo  extremely  relaxed, 
that  they  not  only  permit  the  white  parts  of 
the  blood  to  flow  through,  but  they  cannot 
retain  the  red :  it  is  the  cafe  in  the  loweft  degrees 
of  fcurvy  ;  the  red  parts  themfelves  not  only 
coagulate,  but  they  induce  the  coagulation  of 
the  ferum  alfo  :  it  is  evident  by  the  thick  ropy 
cruor  which  is  generally  fmeared  over  the 
furface  of  fcorbutic  fores ;  by  petechias  and 
vibices  under  the  {kin  ;  by  the  gums  fmeared 
and  covered  with  coagulated  blood  :  it  is 
marked  on  the  face  by  the  red  colour  of  the 
tears  that  trickle  and  coagulate  on  the  cheeks ; 
by  the  bloody  colour  of  the  urine  and  fseces, 
and  I  might  almoft  add  of  the  perfpiration  itfelf. 
In  the  cafe  of  putrid  confluent  fmall-pox,  I  have 

feen,  < 


140     OF  THE  VITALITY  OF  THE  BLOOD 


feen  patients  bleed  red  panicles  at  every  pore, 
fo  that  the  whole  furface  of  the  body  was  a 
complete  gore  of  coagulated  blood  *t 

Of  the  Vitality  of  the  Blood. 

Although  I  deny  to  the  blood  any  power  of 
acYion  within  itfelf,  and  reject  the  proofs  that 
are  advanced,  that  coagulation  is  a  teft  of  its 
living  power,  I  wifh  it  to  be  efpecially  under- 
ftood,  that  I  unite  in  the  fulleft  extent  with 
Mr.  Hunter,  in  believing  that  it  poflefles  with- 
in itfelf  the  principle  of  vitality  in  common 

*  I  remember  a  cafe  that  was  under  my  care  of  very 
violent  fcurvy,  and  that  arofe  from  ho  apparent  exciting 
caufe :  it  was  in  a  boy  four  years  old  :  although  he  was 
affli&ed  with  a  fcrophulous  taint,  in  every  other  refpe£l 
he  was  what  might  be  called  of  a  robuft  difpofition.  He 
belonged  to  parents  that  indulged  him  with  the  moll  pro- 
per food,  and  paid  the  utmoft  attention  to  his  general 
mode  of  living.  A  number  of  vibices  made  their  appear- 
ance under  the  flein  in  different  parts  of  his  body  ;  in  fome 
parts  they  were  as  broad  as  the  palm  of  the  hand  ;  his 
gums  were  fpongy,  and  cruor  occafionally  found  in  the 
morning  upon  them  ;  his  urine  was  red,  and  a  number  of 
clots  of  red  blood  were  frequently  voided  with  the  fseces. 
1  ordered  him  to  take  bark  and  fermented  liquors,  to 
breathe  a  pure  air,  and  make  ufe  of  moderate  exercife. 
In  about  a  month  the  vibices  went  off,  and  he  perfectly 
recovered. 


OF  THE  VITALITY  OF  THE  BLOOD.  I4I 

with  the  folid  parts.  We  have  indeed  a  nega- 
tive proof  of  the  previous  exiftence  of  vitality 
in  the  blood,  by  the  decompofition  and  death 
which  we  frequently  behold  it  fuftain. 

That  a  contrary  opinion  fhould  have  been 
entertained,  is  only  a  proof  of  the  total  ftate  of 
ignorance  that  has  hitherto  exifted  with  refpect 
to  the  nature  of  life,  and  of  the  power  by  which 
the  various  phenomena  of  the  animated  fyf- 
tem  are  carried  on. 

Is  it  not  true,  that  blood  in  the  aggre- 
gate pofleffes  prefervative  properties,  which 
it  derives  from  the  living  power  it  con- 
tains ? 

Is  it  not  true,  that  when  this  living  power 
is  either  weakened  or  deftroyed,  feparation  and 
decompofition  take  place,  and  the  phenomena 
of  putrefaction  ultimately  enfue  ? 

Is  it  not  true,  that  the  blood  which  the  em- 
bryo receives  pbrTefles  the  principle  of  vitality 
within  itfelf,  and  that  it  is  by  virtue  of  that 
principle  that  it  is  fitted  to  be  organized  and 
arranged  by  the  vital  power  which  the  em- 
bryo contains  ? 

Is  it  not  true,  that  the  organization  which 
has  been  formed  out  of  this  living  blood  by 

the 
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the  power  of  the  fyftem  in  which  it  is  con- 
tained, poflefles  the  properties  of  vitality  al- 
io ?  And  does  it  not  appear  abfolutely  necef- 
fary,  that  the  blood  mould  poflefs,  in  common 
with  the  folid  parts,  a  principle  or  living  pro- 
perty common  to  the  whole,  in  order  that  har- 
mony may  fubfift  between  the  parts  ?  And, 
finally,  is  it  not  very  evident,  that  many  of  the 
fluids  that  are  produced  by  the  fpecific  power 
of  the  glands  upon  the  blood  poflefs,  in  a  very 
eminent  degree,  the  power  of  life  ? 

Will  the  power  of  life  be  denied  to  the 
femen,  to  that  highly  vital  fluid,  which  is  one 
of  the  principal  agents  in  the  procefs  of  fcecun- 
dation  ?  Will  it  be  denied  to  the  gaftric  juice  ; 
to  that  fluid  which  deftroys,  by  virtue  of  its 
living  power,  the  chemical  or  dead  qualities  of 
common  matter,  and  imparts  to  it  the  living 
property  it  poflefles  in  the  formation  of  chyle  ? 
Will  it  be  denied  to  the  interftitial  fluid,  fo  ef- 
fential  to  the  reftoration  of  the  wafte  which 
the  whole  of  the  fyftem  fuftains  ?  to  the  coa- 
gulated ferum  which  forms  the  cement  or  con- 
necting medium  for  the  union  of  divided  parts  ? 
Will  it  be  denied  that  the  blood,  in  confe- 
rence of  the  wafte  it  fuftains,  is  perpetually 

verging 
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verging  from  a  living  to  a  dying  ftate  ;  and 
that  it  is  with  a  view  of  averting  the  evil  that 
would  enfue  to  the  fyftem  at  large,  if  the 
death  of  the  blood  were  permitted,  that  there 
are  particular  organs  which  are  efpecially  def- 
tined  to  fupply  it  with  frefh  materials,  and  pre- 
ferve  the  whole  in  a  living  codition  ? 

Let  us  for  a  moment  fuppofe  that  the  nega- 
tive is  the  cafe,  and  that  the  blood,  inftead  of 
being  alive,  is  either  dying,  or  is  actually  dead. 
We  mould  then  behold  the  red  globules  acting 
by  virtue  of  the  chemical  qualities  they  pofldfs; 
we  mould  find  the  iron  and  the  colouring  mat- 
ter imparting  their  own  properties  to  the  other 
parts ;  we  Ihould  find  the  cruor  not  only  pu- 
trid itfelf,  but  producing  putrefaction  to  the 
veflels  in  which  it  is  contained  ;  we  mould  find 
the  coagulable  lymph  plugging  up  the  capil- 
lary outlets  of  the  vefTels  through  which  it  is 
defigned  to  pafs  ;  we  mould  find  the  different 
faline  fubftances  which  the  ferum  involves,  and 
which  are  in  a  latent  ftate  whilft  it  is  alive, 
acting  by  virtue  of  their  chemical  qualities,  as 
in  the  dead  urine;  we  mould  behold  every  indi- 
vidual of  the  human  fpecies,  and  indeed  every 
individual  of  every  fpecies,  difeafed,  dying  and 

dead 
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dead  with  a  fcurvy  of  the  moft  malignant 
kind  ;  we  fhould  fee  death  in  every  fluid,  and 
find  putrefa&ion  to  be  the  only  elfential  attri- 
bute of  every  fyftem. 

The  Vitality  of  the  Blood  denied  by  Mr.  J.  Bell. 

Convinced,  as  I  am,  that  thefe  confequences 
would  inevitably  enfue,  if  the  blood  did  not 
poffefs,  in  common  with  every  other  part,  a 
living  power  j  and  which  Mr.  Hunter  has,  in 
my  humble  opinion,  very  judicioufly  named 
the  materia  vitse  difFufa ;  I  felt  confiderable  fur- 
prife  when  I  read  a  very  modern  author,  in  a 
very  modern  publication,  treat  this  living  pro- 
perty of  the  blood  with  derifion  and  fcorn, 
calling  the  life  of  the  blood  the  moft  monftrous 
of  all  abfurdities.  The  grounds  upon  which  this 
doctrine  is  confidered  as  the  moft  monftrous 
of  all  abfurdities  are  thefe,  viz.  "  It  feems  to 
be  again  ft  all  the  laws  of  nature,  fays  Mr. 
Bell,  page  83,  that  any  fluid  fhould  be  endow- 
ed with  life.  A  fluid  is  a  body  whofe  par- 
ticles often  are  not  homogeneous,  have  no 
ftable  connection  with  each  other,  change  their 
place  by  motion,  change  their  nature  by  che- 
mical attractions,  and  form  new  arrangements; 

%  a  body 


OF  THE  VITALITY  OF  THE  BLOOD.     I  45 

a  body  which  can  have  no  perfect  character, 
no  permanent  nature,  no  living  power  con- 
nected with  it.  But  the  definition  of  a  folid  is 
the  reverfe  of  this.  A  folid,  among  every  kind 
of  metals,  earths,  or  foffils,  is  recognized  by 
its  peculiar  form  and  arrangement  of  parts  ; 
and  in  the  animal  body,  the  arrangement  of 
particles  gives  the  permanent  unchanging  cha- 
racter of  each  part ;  and  in  the  mufcles  for 
example,  or  in  the  nerves,  where  feeling  or  ir- 
ritability chiefly  refides,  the  form  and  mecha- 
nifm  of  the  folid  is  in  each  moll  peculiar,  and 
is  always  the  fame." 

Thus  then  it  appears,  that  the  death  or  the 
non-  vitality  of  the  blood  is  aflumed  as  a  fact  in 
the  firft  inftance,  becaufe  it  is  againft  all  the 
laws  of  nature  :  it  appears  to  me  to  betray  the 
greateft  poffible  ignorance  of  phyfiological 
knowledge,  to  pretend  to  apply  the  laws  by 
which  the  animated  fyftem  is  governed  to  thofe 
that  regulate  the  properties  of  dead  or  common 
matter,  becaufe  we  find  that  the  one  are  totally 
oppolite  and  different  from  thofe  of  the  other. 
As  little  reafon  is  there  for  denying  the  vitality 
in  any  of  our  fluids  on  account  of  the  want  of 
connection,  the  mutability  of  their  nature,  and 
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the  changes  to  which  they  are  expofed  by  the 
operation  of  chemical  bodies. 

The  portion  of  the  blood  that  is  efpecially 
employed  for  the  reftoration  of  parts,  is  ho- 
mogeneous in  its  nature.  Its  properties 
are  perhaps  more  permanent  than  thofe  of 
the'  folids  *,  and  chemical  bodies  have  as 
powerful  an  effecl:  upon  the  folids  as  they 
have  upon  the  blood.  If  we  are  to  attach 
vitality  to  the  parts  from  the  immutability 
it  is  imagined  they  polTefs,  there  is  not  a 
particle  of  any  one  fyftem  that  retains  vi- 
tality for  any  one  moment ;  for  the  whole 
is  in  a  conftant  ftate  of  mutability  and  decay. 
Mr.  Bell,  aware  I  fuppofe  of  the  fact,  does 
not  refort  to  living  but  to  dead  folids:  he 
appeals  "  to  folids  of  every  kind,  to  metals, 
earths,  and  foflils,  where  the  arrangement  of 
parts  is  recognifed."  He  indeed,  it  is  true,  "ap- 
peals at  laft  to  a  part  of  the  living  folid,  to 
the  nerves,  in  proof  that  the  life  is  in  the  folid, 
and  this  owing  to  its  permanent  and  unchange- 

•  *  On  trying  the  prefervative  properties  of  the  ferum 
and  of  the  mufcle  of  the  fame  fyftem,  I  found  that  the 
mufcle  decompofed  and  putrefied  much  fooner  than  the 
ferum 

able 


OF  THE  VITALITY  OF  THE  BLOOD.  I47 

able  nature."  To  make  this  proof  apply,  he 
ought  to  have  fhewn  that  the  folid  part  of  the 
nerves  is  that  portion  in  which  fenfibility  re- 
fides.  If  however  it  be  true,  that  the  nerves 
do  contain  a  fluid,  which  is  itfelf  the  fource  and 
caufe  of  fenfibility  ;  the  proof  not  only  fails, 
but  overturns  the  very  hypothecs  which  it  is 
deftined  to  fupport.  Mr.  Bell  indeed  feems 
to  talk  of  the  ferum  of  the  blood,  as  he  would 
of  common  pickle.  He  talks  of  "  making  ar- 
tificialferum )  by  impregnating  water  with  fait" 
page  91.  Does  he  mean  ferioufly  to  maintain 
that  he  could  form  ferum  by  uniting  with  Wa- 
ter the  particular  falts  which  are  obtained  by 
decompofition  from  ferum?  The  nature  of 
both  would  be  found  totally  different  :  the 
mixture  which  would  be  thus  formed  would 
remain  permanently  the  fame  for  an  indefinite 
period  of  time,  and  would  never  have  the 
tendency  to  undergo  the  procefs  of  putrefac- 
tion. 

Serum,  on  the  contrary,  is  verging  to  a  ftate 
of  decompofition  from  the  moment  it  is  ob- 
tained from  the  living  fyftem,  and  finally  un- 
dergoes the  putrefadive  procefs.    If  we  exa- 

L  -  mine 
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mine  the  effect  which  this  factitious  ferum  has 
when  introduced  into  the  veffels  of  a  living  ani- 
mal, it  deranges  the  actions  of  the  fyftem,  and 
often  fufpends  them  altogether,  as  experiments 
have  proved.  On  the  contrary,  when  the 
blood  of  one  living  animal  is  transfufed  into 
the  blood- veffels  of  another,  fuch  is  the  har- 
mony that  fubfifts  between  both,  that  a  ftate 
of  refufcitation  as  it  were  is  produced  :  and  I 
have  leen  a  dog  that  had  been  purpofely  bled 
to  fuch  a  degree,  that  he  lay  down  deftitute  of 
all  action,  become  immediately  refufcitated  by 
transfufing  into  his  blood-veiTels  a  proper 
quantity  of  blood  from  the  veffels  of  another 
dog.  Will  Mr.  Bell  pretend  that  the  fame 
effect  would  have  enfued  from  his  pickle,  if  he 
could  have  added  to  it,  by  chemical  means, 
the  other  conftituent  parts  of  the  blood  ? 
He  might  with  as  much  facility  amalgamate 
a  living  mufcle  out  of  dead  materials,  or  form 
an  animated  fyftem  out  of  plafter  of  Paris " . 

*  Holding  it  as  I  do  an  a&  of  politenefs  to  accommo- 
date my  language  and  my  manner  to  the  language  and 
manner  of  the  perfons  I  addrefs,  I  have  in  confequence 
been  obliged  to  depart  from  the  mode  to  which  I  am  ufed, 

ftr 
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From, all  that  has  been  faid  we  may  be  war- 
ranted to  conclude,  that  the  blood  has  a  con- 
ftant  tendency  to  decay,  in  common  with  every 
other  part  of  living  matter,  but  more  efpecially 
from  the  wafte  which  it  fuftains.  The  wafte 
it  fuftains  in  the  fcetal  ftate  is  far  lefs  than  in 
the  adult.  In  the  former  it  is  folely  deftined  to 
fupply  nourifhment  and  fupport  to  the  fyftem, 
with  a  view  to  the  procefs  of  evolution  in  ge- 
neral :  in  the  latter,  it  is  not  only  deftined  to  be 
fubfervient  to  the  procefs  of  evolution,  and  to 
preferve  it  in  a  perfect  ftate  after  it  has  been 
evolved,  but  it  fuffers  an  additional  and  conft- 
derable  wafte  from  the  fpecific  a&ion  which 
the  different  organs  difplay ;  fo  tjhat,  inftead  of 
an  equality  in  the  diftribution  of  the  blood 
with  a  view  to  evolution  alone,  there  is  an  ine-' 
quality  for  the  purpofe  of  fpecific  action  alfo. 
We  may  perhaps  be  led  in  fome  degree  to 
conceive  the  progreflive  deterioration  which  the 
blood  undergoes,  by  comparing  the  difference 

for  the  purpofe  of  accommodating  and  making  it  palata-  1 
ble  to  Mr.  Bell.  He  will,  I  am  perfuaded,  take  in  good 
part  the  few  ftrictures  I  have  made  on  his  ill-direfted 
farcafm  upon  Mr,.  Hunter.    It  would  take  more  room 
than  I  can  fpatc  to  enter  any  further  upon  the  fubject. 
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of  its  colour  in  different  periods  of  life  and  in, 
different  fyftems  of  veffels. 

In  the  early  period  of  geftation,  the  foetus 
in  utero  appears  to  be  altogether  of  a  white 
colour  ;  not  only  the  external,  but  the  internal 
parts  ;  not  only  the  foiids,  but  the  fluids  alfo. 
As  it  proceeds  in  its  evolution,  inftead  of  a 
lamenefs  a  difference  of  colour  becomes  appa- 
rent, the  whitenefs  gradually  darkens,  the  dif- 
ferent organs  progreffively  obtain  the  colour 
which  they  are  ultimately  deftined  to  affume, 
and  the  blood  itfelf,  from  white,  becomes  alfo 
florid  and  red. 

That  the  foetal  blood  does  not  obtain  the  red- 
nefs  of  its  colour  from  the  maternal  fyftem,  is 
evident  from  the  nature  of  the  fluid  which  the 
maternal  placenta  fupplies,  and  which  the  umbi- 
lical veins  abforb.  This  fluid  is  of  a  ferous  colour, 
not  of  a  red  ;  on  the  contrary,  the  blood  which 
is  returned  from  the  foetus  to  the  placenta  is  not 
of  a  ferous  but  of  a  florid  colour :  it  is  there- 
fore lawful  to  conclude,  that  it  is  in  the  courfe 
of  its  circuit  in  the  foetus  itfelf  that  it  lofes  its 
white  and  obtains  it3  red  appearance  j  redder 
in  the  umbilical  arteries  than  in  the  umbilical 
veins  ;  redder  in  the  trunk  itfelf  than  its  papil- 
lary 
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lary  extremities  :  and  finally,  if  we  examine 
and  compare  the  colour  of  the  adult  blood,  as 
it  fubfifts  in  different  fyftems  of  veffels,  we 
mall  find  that  it  is  more  florid  and  white  as  it 
proceeds  from  the  lungs  to  the  different  parts 
of  the  body,  than  it  is  when  it  returns  from 
the  different  parts  of  the  body  to  the  lungs, 
deepening  gradually  in  colour  until  it  becomes 
black  and  purplifh.    The  means  by  which  it  is 
meliorated  from  thefe  feveral  degrees  of  dete- 
rioration which  it  undergoes,  however  different 
they  may  be,  have  evidently  the  fame  end  in 
view.    In  the  fcetal  ftate,  the  melioration  is 
effected  by  the  power  of  the  placenta  as  its 
auxiliary  organ  ;  in  the  adult  ftate,  the  blood 
is  repaired  and  renewed  from  the  increafed 
wafte  it  undergoes  by  the  power  of  its  own  or- 
gans, the  refpiratory  and  chylopoetic  together. 
It  is  therefore  neceflary  that  we  mould  in- 
veftigate  the  changes  which  the  fyftem  fuftains 
when  the  fcetal  ftate  is  ended  and  the  adult 
begun,  and  the  caufes  by  which  thefe  changes 
are  produced, 
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CHAP.  IV. 

ON  INSPIRATION. 

Before  parturition,  the  different  organs  of  fenfe  and  of  fenja- 
tion  are  in  a  paffive fate,  owing  to  the  harmony  that fub- 
fifs  between  them  and  the  medium  in  which  they  are  placed 
— after  parturition,  the  irritation  they  fufain  from  external 
caufes  excites  them  to  aB — the  internal  capacity  of  the  chef  is 
enlarged  laterally  by  the  action  of  the  intercqjlal  mufcle  ; 
longitudinally  by  the  action  of  the  diaphragm— the  mouth  is 
opened  by  the  mufcles  of  the  face — the  air  rufhes  into  the 
mouth,  and,  through  the  medium  of  the  trachea,  difends  the 
bronchia,  confituting  injpiration — the  quantity  of  air  taken 
in,  efimaied — the  qualities  of  it  afcertained — a  part  only  of 
the  whole  poffeffes  the  aptitude  to  be  acted  upon  by  the  lungs 
— is  feparated  from  the  rejl,  and  abforbed — the  power  by 
which  the  effect  is  produced,  afcertained  to  he  a  living,  not  a 
chemical,  atl—fmilar  to  the  act  of  digefion  by  the Jlomach 
—the  blood  meliorated  by  the  influence  of  vital  air,  fcsY. 

Admitting  the     that  the  blood  is  m 

a  perpetual  ftate  of  deterioration  and  decay,  it 
is  neceffary  for  me  to  point  out  the  means  by 
which  it  becomes  meliorated  and  improved,  fo 
that  it  may  continue  fit  to  anfwer  the  purpofes 
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of  nourimment  and  fupport,  for  which  it  is 
efpecially  defig.ned. 

Such  is  the  harmony  that  fubfifts  between 
the  foetus  and  the  liquor  amnii,  that  the  differ- 
ent organs  of  fenfe  and  of  fenfation,  of  con- 
fcioufnefs  and  of  voluntary  motion,  are  in  a  pa£- 
five  ftate  ;  the  mouth  is  clofed,  the  thorax  is 
deprefled  on  the  collapfed  lungs,  and  the  ab- 
dominal mufcles  exert  no  influence  either  on 
the  abdominal  or  thoracic  vifcera. 

That  the  paflive  condition  of  thefe  organs 
proceeds  from  the  harmony  that  fubfifts  be- 
tween them  and  the  medium  in  which  they 
are  placed,  fo  long  as  they  are  excluded  from 
the  operation  of  external  ftimuli,  is  very  con- 
fonant  to  rcafon  ;  but  the  opinion  itfelf  has  re- 
ceived additional  confirmation  by  fome  experi- 
ments that  were  made  by  Monf.  Buffon.  He 
immerfed  in  water,  of  the  fame  temperature  as 
the  liquor  amnii,  young  puppies  immediately 
after  parturition,  before  they  had  fuftained  the 
action  of  external  caufes,  and  he  found  that 
they  continued  to  retain  the  different  proper- 
ties they  poffeffed  in  the  foetal  ftate  :  "  I  pro- 
cured, fays  he,  a  pregnant  bitch  of  the  large 
greyhound  kind  ;  and  when  juft  about  to  litter, 

I  put 
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I  put  her  fo  in  a  bucket  full  of  warm  water  that 
her  hinder  parts  were  entirely  covered.  In 
this  fituation  me  brought  forth  three  puppies ; 
which,  after  being  difengaged  from  their  mem- 
branes, were  immerfed  in  a  fluid  nearly  of  an 
equal  temperature  with  that  of  the  amnion. 
After  affifting  the  mother  and  warning  the 
puppies  in  this  water,  I  fuddenly  removed 
them  into  a  pail  of  warm  milk,  without  al- 
lowing them  time  to  refpire.  I  kept  them 
immerfed  in  the  milk  for  more  than  half  an 
hour,  and  when  taken  out  all  three  were  alive 
— they  then  began  to  breathe,  and  they  dis- 
charged -a  quantity  of  fluid  matter  from  the 
mouth." 

Such  is  the  increafed  wafte  which  the  blood 
fuftains  in  confequence  of  thofe  actions  which 
the  animated  fyftem  performs  in  the  adult  con- 
dition, that  the  auxiliary  organ  (the  placenta) 
it  poflefled  in  the  fcetal  ftate  is  infufficient  to 
anfwer  the  purpofe  of  melioration.  Providence, 
therefore,  has  fupplied  the  adult  with  organs 
that  are  equal  to  the  talk :  whilft  the  lungs  im- 
prove the  blood  in  point  of  quality,  the  chy- 
lopoetic  organs  fupply  the  lofs  it  fuftains  in 
point  of  quantity — fo  that,  by  the  combined 

and 
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and  co-operating  action  of  both,  the  ani- 
mated fyftem  is  fupplied  with  the  means  by 
which  the  final  caufe  of  its  exiftence-  may  be 
attained. 

The  actions  which  the  auxiliary  organs 
performed  in  the  fcetal  date  progreffively  di- 
minim,  and  ultimately  ceafe,  in  proportion 
as  the  actions  of  the  organs  in  the  adult 
are  excited,  and  perfectly  eftablifhed. 

The  connection  between  the  foetus  and  the 
mother  does  not  immediately  ceafe  after  it  is  ex- 
pelled from  the  uterus.    If  the  feparation  have 
not  been  cut  off  by  a  divifion  of  the  funis, 
the  umbilical  arteries  are  found  to  pulfate  in 
a  very  powerful  degree.    Such  is  the  active 
condition  of  thefe  veffels,  and  the  quantity  of 
blood  they  return  from  the  fyftem  to  the  pla- 
centa, that,  if  they  were  divided  at  that  time, 
a  copious  hemorrhage  would  immediately  en- 
fue — to  fuch  a  degree  indeed,  that,  if  it  were 
allowed  to  continue,  the  death  of  the  infant 
would  be  the  immediate  confequence  *. 

But 

*  Although  I  have  occafionally  known  the  pulfation  of 
thefe  veffels  to  be  fynchronous  with  that  of  the  mother, 
'  it  is  very  feldom  the  cafe  ;  fo  that  we  may  conclude,  that 

the 


j56 


ON  INSPIRATION. 


But  as  foon  as  the  foetal  ftate  is  ended,  and 
the  adult  begun,  the  animated  fyftem  becomes 
placed  in  a  new  condition  ;  the  harmony  and 
confent  that  fubfifted  between  the  foetus  and 
the  medium  by  which  it  was  {unrounded  im- 
mediately terminate ;  irritation  and  difcord 
between  both  confequently  commence.  In  the 
foetal  ftate,  it  was  predifpofition  to  act,  with  a 
capacity  alone  of  acting ;  in  the  adult  ftate,  it 
is  predifpofition  ended,  and  action  in  full  force. 
The  different  parts  of  the  fyftem  are  there- 
fore roufed  from  the  paffive  ftate  in  which  they 
exifted,  and  act  according  to  the  fpecific  power 
they  feverally  poflefs  ;  the  impreflions  from 
without,  which  the  organs  of  fenfe  and  nerves 
of  fenfation  receive,  are  propagated  to  the 
brain  within,  as  the  organ  of  confcioufnefs : 
it  is  by  the  energy  of  this  organ  that  the  dif- 
ferent voluntary  mufcles  of  the  infant  frame 
are  made  to  act,  without  apparent  defign  or 
any  determinate  object. 

the  motion  of  ■  the  blood  in  the  foetus  is  effe&ed  by  a 
power  diftinft  from  what  it  is  in  the  maternal  fyftem. 


of 
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Of  the  Manner  in  which  the  Internal  Capacity 
of  the  'Thorax  is  enlarged. 

It  is  in  confequence  of  the  nervous  irritation 
produced,  that  mufcular  a&ion  takes  place, 
and  the  capacity  of  the  thorax  is  confequently 
enlarged  *. 

The  firft  rib,  which  is  immoveably  fixed, 
may  be  confidered  as  a  lever  to  the  reft  :  the 
articulation  which  the  true  ribs  pofTefs,with  the 
vertebras  behind  and  fternum  before,  gives  them 
a  gradually  increafed  capacity  of  being  moved. 
This  capacity  in  the  five  inferior  ribs  increafes 
in  a  ten-fold  degree,  in  confequence  of  the 
anterior  extremities  having  no  fixed  attach- 
ment like  any  of  the  reft. 

The  intercoftal  mufcles  conftitute  the  in- 
ftruments  by  the  power  of  which  the  ribs  are 
elevated :  their  attachment  begins  from  the 
inferior  edge  of  the  fuperior  rib,  and  termi- 

*  It  is  unneceflary  for  me  to  enter  into  a  particular 
anatomical  account  of  the  ftructure  of  different  parts:  it 
would  fwell  out  this  book  to  a  great  fize  with  matter, 
which  ought  to  be  known  by  every  medical  man  from  dif- 
fecYion,  and  may  be  obtained  by  every  one  indifcriminate- 
ly  from  different  anatomical  authors.  I  know  none  fo 
correct  as  Winflow. 

nates 
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nates  in  the  fuperior  edge  of  the  inferior  one  j 
fo  that  the  elevation  of  the  inferior  rib  muft 
eventually  be  the  effect  of  their  action.  The 
fame  mode  of  action  is  propagated  throughout 
the  reft  ;  the  form  of  thefe  mufcles  and  the 
mode  of  their  attachment  muft  evidently  be 
to  elevate  the  ribs,  and  to  increafe  the  internal 
capacity  of  the  cheft  in  a  lateral  direction,  fo 
that  a  considerable  vacant  fpace  is  confequently 
left  between  them  and  the  collapfed  lungs. 

Had  the  nrft  rib  been  moveable  inftead  of 
fixed,  and  had  the  lower  rib  been  fixed  inftead 
of  being  moveable,  the  effect  would  have  been 
exactly  the  reverfe  ;  the  action  of  the  inter- 
coftal  mufcles  would  have  been  from  below 
upwards,  inftead  of  being,  what  it  is,  from  up- 
wards below. 

Whilft  the  enlargement  of  the  thorax  takes 
place  by  the  action  of  the  intercoftal  mufcles 
from  fide  to  fide,  the  longitudinal  dimenfion 
of  it  is  confiderably  increafed  alfo.  In  the 
fcetal  ftate,  the  diaphragm  formed  a  consider- 
able curve  upwards,  adapting  itfelf  to  the 
collapfed  ftate  of  the  lungs ;  but  when  the 
thorax  is  laterally  enlarged  by  the  elevation 
of  the  ribs,  the  diaphragm  is  drawn  down, 

from 
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from  a  curve,  in  which  it  exifted  in  the  foetal 
Hate,  to  a  plane;  and  thus  it  is  that  the  internal 
capacity  of  the  thorax  is  confiderably  enlarged 
by  the  united  alteration  which  the  ribs  and 
diaphragm  feverally  undergo. 

The  mufcles  of  the  face  are  excited  to  act 
in  common  with  thofe  of  the  thorax ;  fo.  that 
the  mouth,  which  in  the  foetal  ftate  was  per- 
fectly clofed,  becomes  immediately  opened  : 
the  column  of  air,  by  which  the  infant  is  fur- 
rounded,  obtains  a  free  admiffion  into  the 
mouth,  which  may  be  confidered  as  a  cavity 
common  to  the  refpiratory  and  alimentary  ca- 
nals :  the  air  pafTes  from  the  mouth,  through 
the  medium  of  the  epiglottis,  into  the  larynx. 
The  larynx  is  compofed  of  five  cartilages,  at 
the  termination  of  which  the  trachea  more 
immediately  begins,  of  which  it  is  a  continu- 
ation :  the  trachea  extends,  in  one  undivided 
canal,  as  far  as  the  fourth  vertebra  of  the  back, 
and  there  divides  into  two  branches :  each 
branch  becomes  distributed  into  an  infinite 
number  of  fmall  ramifications,  which  poffefs, 
although  in  an  inferior  degree,  the  fame  cartila- 
ginous character  as  the  larger  trunk :  the  carti- 
laginous nature  of  the  trachea  feems  evidently 

defigned 
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defigned  to  preferve  it  in  a  patent  {tale ;  it 
is  covered  over  with  a  membrane,  in  which  a 
multitude  of  glands  are  placed,  which  fecrete  a 
mucus  on  its  furface:  the  ramifications  of  the 
bronchia  ultimately  terminate  in  the  cellular 
fubftance  of  the  lungs. 

It  does  not  appear  that  the  air,  in  its  paffage 
through  the  trachea,  undergoes  any  chemical 
change  in  its  qualities  other  than  modification 
in  its  temperature,  by  the  influence  of  the 
medium  through  which  it  is  to  pafs  :  the  length 
of  the  trachea  is  particularly  fitted  for  that  of- 
fice :  if  the  air  be  too  cold  it  is  warmed  ;  if  it 
be  too  warm  it  is  cooled  ;  fb  that  it  is  brought 
to  a  medium  ftate,  and  fitted  for  the  action  of 
the  lungs  which  it  is  deftined  to  fupply. 

The  lungs  are  two  in  number,  each  divided 
into  two  large  lobes,  and  each  lobe  into  fmaller 
lobules  ;  they  are  externally  covered  over  by  a 
thin  membrane,  which  perpetually  exhales  from 
its  furface  a  fine  halitus  or  vapour,  conftituting 
the  medium  by  which  they  are  prevented  from 
adhering  to  the  parietes  of  the  cavity  in 
which  they  are  contained.  As  foon  as  the 
mouth  is  opened  the  air  ruihes  into  it, 
and  panes  through  the  medium  of  the  epi- 
glottis 
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glottis  into  the  bronchia,  which  it  completely 
fills;  the  diftenfion  which  the  bronchia  fuf- 
tains,  not  only  fills  up  the  hollow  fpaces  that 
were  laterally  formed  in  corifequence  of  the 
elevation  of  the  ribs,  but  it  preffcs  down  the 
diaphragm  alfo.  The  diaphragm  is  a  ftrong 
mulcle  -which  feparates  the  cavity  of  the 
thorax  from  that  of  the  abdomen ;  in  the 
fcetal  ftate  it  is  convex  towards  the  lungs,  and 
concave  towards  the  abdominal  vifcera :  it  is 
attached  to  the  edge  of  the  inferior  ribs,  fo  that 
when  they  become  elevated  by  the  action  of 
the  intercoftal  mufcles,  the  pofition  of  the  dia- 
phragm, as  I  have  before  obferved,  becomes  al- 
tered from  a  curve,  in  which  it  exifted  in  the 
fcetal  ftate,  to  a  plane ;  and  thus  it  is  that  the 
internal  capacity  of  the  thorax  is  confiderably 
enlarged  by  the  united  alterations  which  the  ribs 
and  diaphragm  feverally  undergo.  So  that  in- 
fpiration  may  be  faid  to  have  happened  when 
thefe  different  phenomena  have  taken  place. 

Various  attempts  have  been  made  by  differ- 
ent men  at  different  times,  as  Borelli,  Jurin, 
Goodwin,  &c.  to  calculate  the  quantity  of  air 
which  the  lungs  have  received  in  confequence 
of  the  diftenfion  they  have  fuftained.  Jt  is 
however  very  evident,  that  it  muft  vary  in 
vol.  ii.  M  the 
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the  fame  fyftem  at  different  periods  of  life,  as 
well  as  at  different  periods  in  perfons  of  the 
fame  age. 

So  long  ago  as  the  middle  of  the  Jaft  cen- 
tury, Borelli  breathed  through  a  glafs  tube, 
one  end  of  which  was  immerfed  in  fome  bub- 
bles of  foap  j  and  the  internal  volume  of  air  it 
contained  having  been  previoufly  afcertained, 
he  found  the  quantity  of  air  exhaulled  from 
the  glafs  tube,  and  which  he  fuppofed  to  have 
been  received  into  the  lungs  at  one  infpiration, 
to  amount  to  15  cubic  inches  and  upwards. 

Dr.  Jurin,  wifhing  to  afcertain  the  fact, 
formed  the  following  experiment,  which  he 
thus  relates :  "  I  fufpended  (fays  he)  a  weight 
"  to  the  lower  part  of  a  bladder  which  I  had 
"  previoufly  moiftened  ;  and  having  fixed  a 
"  tube  of  about  an  inch  diameter  in  the 
"  upper  part,  I  flopped  my  noflrils,  and  in- 
'*  fpired  the  air  of  the  bladder  gently  during 
<l  three  minutes,  the  weight  remaining  all  the 
"  while  on  the  table.  I  then  plunged  the 
"  bladder  with  the  air  enclofed  in  it,  and  the 
"  weight  fufpended  to  it,  into  water  contained 
"  in  a  cylindrical  veffel.  I  marked  the  height 
"  to  which  the  water  rofe.  Then  having 
"  fqueezed  the  air  out  of  the  bladder,  I  again 

"  plunged 
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"  plunged  it  into  the  water  with  the  weight* 
"  The  difference  of  the  height  to  which  the 
w  water  rofe  in  both  thefe  cafes  was  eafily  cal- 
"  culated.  Having  repeated  the  experiment 
"  ten  times,  and  added  the  quantities  together, 
"  the  tenth  part  of  the  fum  total,  or  the  pro- 
"  portional  difference  of  the  height  to  which 
"  the  water  rofe  in  both  cafes,  was  found  equal 
"  to  35  cubic  ounces,  which  is  the  volume  of 
"  air  contained  in  the  bladder;  and  having 
"  added  about  a  12th  part,  or  three  ounces, 
"  on  account  of  the  condenfition  of  the  air 
"  from  the  coldnefs  of  the  water,  as  it  was 
"  winter,  we  fhall  have  38  cubic  ounces.  Be- 
"  fides,  a  little  mull:  be  added,  both  on  account 
"  of  the  preffure  of  the  water  on  the  bladder, 
"  and  of  the  moifture  which  is  expelled  with 
,  "  the  air,  and  foon  condenfed  by  the  coolnefs 
"  of  the  water  and  of  the  bladder.  I  then 
"  calculated  the  quantity  of  air  expelled  by  a 
"  moderate  expiration  in  the  fpace  of  three 
"  minutes  at  40  cubic  ounces.  In  the  ftrong- 
"  eft  expiration 'I  expelled  125  cubic  ounces 
"  in  the  fpace  of  a  minute ;  but  in  a  very 
"  ftrong  expiration,  continued  till  I  was  al- 
"  mod  fuffocated,  I  expelled  220  cubic  ounces 
'  from  my  lungs :  from  whence  it  follows, 

M  2  "  that 
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tc  that  there  is  more  air  in  the  lungs  than  can 
"  be  expelled  by  an  ordinary  expiration." 

Dr.  Goodwin  has  inveftigated  the  fame 
fubject  with  great  diligence  and  attention. 
The  experiments  he  performed,  although  they 
do  not  exa&ly  correfpond  with  each  other  or 
with  thofe  above  detailed,  are  of  confiderable 
importance,  and  merit  to  be  mentioned  in  this 
place.  The  mode  he  adopted  was  as  follows  : 
He  breathed  from  a  veffel  which  had  two  tu- 
bular openings  ;  one  of  them  was  applied  to 
the  mouth,  whilft  the  other  was  immerfed  in, 
water.  By  infpiring  from  the  veffel  under 
thefe  circumftances,  a  quantity  of  water  en- 
tered the  veffel  equal  in  volume-  to  the  quan- 
tity of  air  infpired  from  it  *. 

Exper.  2.  An  adult  perfon  of  ordinary  Ma- 
ture infpired  twice  from  the  machine,  imitat- 
ing as  nearly  as  poffible  an  ordinary  inipiration. 

In  the  fir  ft  he  took  in  3  cubic  inches  of  air. 

In  the  fecond,  i\  cubic  inches. 

Another  perfon  of  nearly  the  fame  ftature 
infpired  twice  : 

In  the  lirft  he  took  in  3—  cubic  inches  of  air. 

In  the  fecond,  i\  cubic  inches  of  air. 

*  See  his  Diflertation  on  Sufpended  Animation  ;  the 
production  of  a  man  of  fcience  and  of  genius,  in  which  a 
plate  is  inferted  defcribing  the  pneumatic  machine  he  em- 
ployed. 
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Exper.  3.  The  two  perfons  employed  in 
the  laft  experiment  infpired  from  the  pneu- 
matic veflel  thirty  times  fucceffively  in  the 
manner  juft  defcribed,  and  the  average  quan- 
tity of  air  taken  in  at  a  {ingle  inlpiration  by 
the  firft  perfon  was  2 \  cubic  inches. 

By  the  fecond,  3-J-. 

Thefe  experiments  were  repeated  on  a  great 
variety  of  fubjects  with  the  fame  refult. 

Objections  however  have  been  made  to  the 
manner  in  which  thefe  experiments  were  con- 
ducted. It  has  been  fuppofed,  that  the  column 
of  water,  by  being  raifed,  contrary  to  its  natu- 
ral gravity,  would  confequently  meet  with  ad- 
ditional refiftance  ;  that  the  difference  of  tem-r 
perature  to  which  the  air  would  be  expofed 
by  pairing  from  one  vefTel  to  another,  would 
produce  a  difference  in  the  volume  it  occupied. 

With  a  view  of  avoiding  thefe  objections, 
Dr.  Menzies  took  an  allantois,  to  which  he 
fixed  a  tube  with  good  valves  joined  to  it.  He 
was  led  to  take  this  membrane  on  account  of 
its  thinnefs,  which  could  not  condenfe  the 
air  in  a  great  degree  ;  and  from  its  magnitude, 
the  average  quantity  of  the  number  of  expira- 
tions could  be  eafily  taken.  Expcr.  Hav- 
ing firft  meafured  the  volume  of  an  allantoid 

M  3  in 
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in  two  different  ways,  firft  by  the  quantity  of 
water  it  was  capable  of  containing,-  and  after- 
wards by  the  diameter  and  area  of  it,  I  found 
it,  fays  he,  to  be  nearly  equal  fo  2400  cubic 
inches  j  and  having  joined  it  to  a  machine  con- 
fiding of  two  pretty  large  tubes  joined  at  right 
angles,  in  which  there  are  two  valves,  fo  that 
the  air  without  any  unufual  effort  could  be  in- 
fpired  through  the  one  and  expired  through 
the  other  ;  the  valves  which  are  made  out  of 
the  allantoid  are  fo  thin  that  the  fmalleft  force 
moves  them.  I  then  began  to  expire,  and  did 
not  remove  my  mouth  from  the  tube  till  I  had 
filled  the  allantoid,  taking  care  to  ftop  my  nof- 
trils  during  expiration.  The  allantoid  was 
filled,  on  repeated  trials,  by  about  56  expira- 
tions as  natural  as  poflible ;  fo  that  if  you  divide 
2400  cubic  inches,  the  volume  of  the  allantoid, 
by  56,  you  will  have  42.8  cubic  inches  as 
the  average  quantity  of  air  ufually  expired. 
Several  perfons  of  a  middle  fize  repeated  this 
experiment  with  nearly  the  fame  remit :  the 
experiment  was  varied  in  different  ways,  and 
the  refult  was  generally  the  fame.  I  have  re- 
peated fome  experiments  with  a  view  of  afcer- 
taining  this  point,  at  the  time  that  the  tempe- 
rature of  the  air  was  at  60 °.    I  found  that  I 

infpired, 
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infpired,  during  a  full  infpiration,  twelve  cu- 
bic inches  ;  and  making  allowance  for  the  ex- 
panfion  it  underwent  in  confequence  of  the  in- 
creafed  temperature  in  the  medium  through 
which  it  was  to  pafs,  it  may  perhaps  be 
correct  when  we  ftate,  that  the  lungs  receive, 
during  a  full  infpiration,  about  twenty  cubic 
inches  of  atmofpheric  air. 

As  foon  as  a  column  of  air  is  introduced  by 
the  act:  of  infpiration  into  the  bronchia  of  a 
living  animal,  a  part  only  of  the  whole  poffeiTes 
the  aptitude  to  be  acted  upon  by  the  lungs,  and 
to  receive  from  them  the  participation  of  life 
which  they  convey :  it  is  this  portion,  which 
the  lungs  have  feparated  from  the  whole,  that 
may  be  truly  called  vital  air ;  it  is  then  vital 
air,  becaufe  it  conftitutes  a  part  of  the  fyftem, 
and  is  in  harmony  with  the  whole. 

Of  the  Conjiituent  Parts  of  Atmofpheric  Air, 

A  few  years  only  have  elapfed  fince  the 
difcovery  has  been  made,  that  the  atmofphe- 
ric. medium  in  which  we  exift  is  compof- 
ed  of  different  kinds  of  air,  pofTefTing  in 
their  nature  various  and  oppofite.  properties, 
and  which  poffefs  very  different  degrees  of 
aptitude  to  be  acted  upon  by  the  lungs  of 

M  4  the 
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the  human  fpecies.  To  Dr.  Prieftley  the  me- 
rit of  this  difcovery  unqueftionably  belongs, 
and  for  which  he  is  entitled  to  every  degree  of 
obligation.  Although  the  conftituent  parts 
will  neceffarily  vary  in  different  fituations, 
whether  town  or  country,  and  even  in  differ- 
ent fituations  of  both,  it  is  however  found  in 
general,  that  if  100  parts  of  common  atmo- 
fpheric  air  be  analyfed,  it  yields 

Eighty  parts  of  phlogifticated  air, 

Eighteen  parts  of  oxygenous  air, 

And  two  parts  of  fixed  air. 

When  a  volume  of  this  air  above  defcribed 
has  been  infpired  into  the  lungs,  and  a  fimilar 
quantity  of  it  expelled,  the  quantity  expelled 
by  chemical  analyfis  is  found  to  have  acquired 
properties  very  different  from  thofe  it  originally 
poffeffed. 

The  quantity  of  fixed  air  is  increafed  to  the 
proportion  of  15. 

The  phlogifticated  air  at  80  continues  much 
the  fame. 

But  the  oxygene  air  is  reduced  in  the  pro- 
portion of  18  to  5.  Thefe  proportions  muft 
neceffarily  vary  in  different  fubje&s,  and  per- 
haps in  the  fame  fubjecT:  at  different  times.  It  is 
however  doubted  by  many  very  refpe&able 

men, 
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men,  whether  oxygene  he  ever  ahforbed  :  on, 
the  contrary  it  is  fufpe&ed  that  caloric  alone, 
the  bafe  of  oxygene,  is  received,  and  that  the  ^ 
oxygenous  principle,  which  is  in  confequence 
decompofed,  unites  with  carbon,  which  is  given 
out  from  the  exhalant  termination  of  the  pul- 
monary arteries  ;  and  thus  it  is  that  fixed  air  is 
formed.  Although  it  is  very  true  that  the  addition 
of  fixed  air  may  be  accounted  for  in  this  mode, 
there  does  not  appear  any  reafonable  ground 
to  doubt,  that  the  air  itfelf  is  fufceptible  of  be- 
ing taken  in  by  the  lungs.  There  have  been 
various  experiments  made  by  a  fociety  of  gen- 
tlemen that  ufed  to  meet  at  Dr.  Higgins's,  in 
Greek- ftreet,  and  it  was  found,  that  although 
the  oxygenous  air  received  by  infpiration  fuk 
tained  a  confiderable  degree  of  diminution,  yet 
that  the  other  conftituent  parts  in  the  column 
of  atmofpheric  air  were  frequently  found  de- 
ficient alfo  ;  and  it  was  ultimately  concluded, 
that  although  oxygene  was  the  ufual  portion 
received,  it  was  not  invariably  the  cafe  *. 

*  It  is  not  becaufe  oxygene  poffeffes  the  greateft  apti- 
tude to  be  acted  upon  by  the  lungs  of  the  human  fpecies, 
in  the  fame  manner  as  the  trail  or  feces  of  a  woodcock  or 
a  fnipe  to  be  digefted  by  the  power  of  the  ftomach,  that 
die  one  is  to  be  confidered  the  caufe  of  vitality  to  the  fyf- 
tem  by  which  it  is  received.  Thefc  fubftances  conftitute  the 

food 
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Of  the  Power  by  which  the  Separ  ation  of par- 
ticular Parts  of  the  Air  is  ejfecled. 

Admitting  then  that  there  is  a  quantity  of 
air,  which  is  introduced  into  the  bronchia  du- 
ring every  act  of  infpiration,  it  becomes  a  quef- 
tion  of  importance  to  determine  by  what  power 
it  is  that  the  feparation  of  fome  of  its  parts  is 
effected.  The  modes  by  which  this  effect  can 
be  produced  are  referable  to  two; — either  that  it 
proceeds  from  a  chemical  union  taking  place 
between  the  air  and  the  organs,  or  that  it  is  ef- 
fected by  the  power  of  the  organs  alone,  acting 
upon  thofe  parts  of  the  air  which  poffefs  the 
aptitude  to  receive  their  influence. 

If  it  be  fuppofed  for  a  moment  that  it  pro- 
ceeds from  a  chemical  union  taking  place,  it  is 
fuppofing  the  fame  operations  are  performed 
on  the  living  fyftem  as  we  behold  produced 
amongft  dead  matter. 

It  appears  to  me  very  unreafonable  to 
imagine,  that  the  feparation  that  takes  place 

food  only,  the  fubje£l  matter  on  which  the  living  organs 
a£b.  If  the  organs  were  dead,  all  the  oxygene  in  the  uni- 
verfe  would  be  infufficient  to  produce  vitality  in  the  hu- 
man frame.  Oxygene  is  as  inanimate  until  it  has  heen  af- 
fimilated  by  the  power  of  the  lungs,  as  the  azote  or  carbo- 
nic acid  gas,  until  it  has  been  a£led  upon  and  digefted  by 
the  affimilating  organs  of  the  vegetable  fyftem. 
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is  the  confequehce  of  a  chemical  union  be- 
tween the  air  and  the  different  parts  of  the 
animated  fyftem ;  becaufe  fuch  an  union,  in- 
ftead  of  increafing,  has  a  conftant  tendency 
to  deftroy  the  organization  of  the  part.  Thefe 
are  the  effects  that  conftantly  enfue  by  the  che- 
mical operation  of  the  air  upon  animal  mat- 
ter, when  once  the  operations  of  life  have 
ceafed  :  inftead  of  a  feparation  taking  place  of 
particular  parts,  there  is  a  combination  of  the 
whole,  not  of  the  air  only,  but  of  the  air  and 
of  the  animal  matter  with  which  it  is  connected : 
inftead  of  animal  vitality  being  preferved  and 
continued,  putrefaction  is  accelerated,  and  the 
whole  becomes  finally  decompofed  into  its  con- 
ftituent  parts.  Why  then  fhouJd  we  fuppofe  that 
the  mode  which  is  found  to  accelerate  the  difTo- 
lution  of  animal  matter  fhould  be  employed  for 
the  prefervation  and  continuation  of  life  ?  On 
the  contrary,  it  appears  to  me  more  reafonable 
to  conclude,  that  the  feparation  of  different  parts 
of  the  air,  which  takes  place,  proceeds  from 
the  power  of  the  lungs  alone,  acting  upon  and 
feparating  thofe  parts  of  the  air  which  pofTefs 
the  aptitude  to  be  acted  upon  by  them  ;  that  it 
is  a  living  and  not  a  chemical  act,  fimilarto  the 
act  of  digeftion  by  the  flomach.    It  is  thus 

that 
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that  I  afcribe  to  the  lungs  the  importance  they 
deferve,  and  refer  to  them  the  true  office  which 
they  are  deflined  to  perform. 

That  the  action  of  the  lungs  upon  the  air, 
by  means  of  which  it  becomes  affimilated  to  the 
nature  of  the  animated  fyftem,  and  that  it  is  the 
union  of  this  vital  air  with  the  blood  which  con- 
ftitutes  the  means  by  which  it  becomes  fitted  to 
be  conveyed  by  the  vafcular  fyftem  to  the  differ- 
ent  parts  of  the  fyftem,  is  proved  by  the  negative 
of  the  cafe,  either  when  air  is  altogether  exclud- 
ed, or  when  air  is  introduced  that  does  not  pof- 
fefs  the  aptitude  to  be  acted  upon  by  the  lungs. 
The  blood  is  then  deprived  of  the  melioration 
it  demands  ;  inftead  of  being  moved,  it  Mag- 
nates ;  inftead  of  becoming  florid,  it  continues 
black  ;  inftead  of  remaining  fluid,  it  generally 
coagulates,  and  afTumes  a  folid  form. 

Experiment  by  Mr.  Coleman.  A  dog  was 
fufpended  by  the  neck,  and  in  three  minutes 
he  ceafed  to  move  ;  the  trachea  was  then  laid 
bare  and  divided,  and  the  lungs  fully  diftended 
with  warm  water  (blood  heat)  through  the 
medium  of  a  funnel,  the  trachea  being  fecured 
fo  as  to  permit  no  water  to  efcape.  The  cheft 
was  opened  :  a  larger  quantity  of  blood  was 
found  in  the  left  fide  of  the  heart  than  in  the 

right 
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right  auricle,  ventricle,  or  pulmonary  arteries  ; 
the  left  was  loaded  with  blood  partly  coagu- 
lated, and  the  whole  quite  black.  The  experi- 
ment was  repeated,  and  yielded  nearly  the 
fame  refult. 

Exper.  1 .  A  fmall  rabbit  was  deftroyed  in 
nitrous  air  :  as  foon  as  it  difcontinued  to  ex- 
pire air  from  the  lungs,  it  was  removed  from 
the  medium  in  which  it  had  been  plunged ; 
a  fmall  aperture  was  then  made  in  the  trachea, 
and  the  lungs  diftended  with  common  air : 
the  trachea  was  tied,  and  the  air  retained  :  on 
examining  the  heart,  the  proportion  of  blood 
on  the  left  was  to  that,  of  the  right  as  J 
to  6. 

%.  The  fame  experiment  was  tried  and  re- 
peated by  deftroying  another  animal  in  fixed 
air,  and  then  diftending  the  lungs  with  ni- 
trous air  :  the  proportion  of  blood  in  the  left 
fide  of  the  heart  was  to  that  of  the  right  as 
1 3  to  1 2.  In  fome  cafes,  however,  it  appeared 
that  the  proportion  of  blood  on  both  fides  was 
either  equal,  or  even  rather  a  larger  proportion 
in  the  right  than  in  the  left. 

3.  A  dog  was  drowned :  when  he  ceafed  to 
move,  cold  water  was  introduced  into  the 
lungs  :  on  examining  the  heart,  we  found  the 

propor- 
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proportion  of  blood  in  the  left  was  to  that  of 
the  right  as  6  to  5. 

Exper.  The  trachea  of  a  kitten  was  laid 
bare,  and  a  ligature  pafled  round  it,  that  the 
whole  of  the  airtight  be  confined  within  the 
lungs  :  the  animal  ceafed  to  move  in  four  mi- 
nutes and  a  half :  on  opening  the  heart,  the 
proportion  of  blood  oh  the  left  fide  was  to  that 
cf  the  right  as  9  to  7. 

The  proportion  in  a  cat  deftroyed  by  the 
fame  means,  was  as  5  to  4. 

I  might  add  my  own  teftimony,  by  relating 
the  number  of  men  who  fall  victims  to  the 
choke  damp  in  coal  mines,  or  who  impru- 
dently inhale  the  vapour  that  exhales  from 
different  vegetable  fubftances  during  the  acT: 
of  fermentation,  particularly  in  breweries  and 
diftilleries.  It  is  the  melancholy  lot  to  which 
a  particular  fet  of  men  are  efpecially  doomed 
(night- men).  Two  years  ago  I  was  called  up 
to  fee  five  men,  all  of  them  under  the  age  of 
thirty,  and  who  were  before  in  the  fullnefs  of 
health.  The  pipe  leading  from  a  water-clofet 
having  been  choked,  they  were  directed  to 
remove  the  obftruction  :  three  of  them  were 
in  the  refervoir  into  which  the  pipe  led :  an 
old  (hoe  which  had  been  accidentally  thrown 
6  down, 
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down,  had,  it  feems,  ftuck  at  the  lower  ex- 
tremity of  the  pipe :  as  foon  as  it  was  re- 
moved, the  whole  contents  of  the  pipe,  which 
was  full,  gufhed  down,  and  immerfed  the  men 
in  the  foil  as  high  up  as  their  knees :  the  va- 
pour that  immediately  exhaled,  fuffocated  two 
out  of  the  three  in  an  inftant.  One  of  the 
two  who  were  out  of  the  refervoir,  in  endea- 
vouring to  extricate  his  companions,  fhared 
the  fame  fate  ;  and  it  was  a  confiderable  time 
before  the  furvivor  recovered  from  the  dan- 
ger to  which  he  was  expofed. 

We  may  therefore  conclude,  that  the  ac- 
tion of  the  lungs  upon  the  air  conftitutes 
the  power  by  which  the  feparation  is  ef- 
fected. Such  is  the  ignorant  ftate  of  our 
knowledge  at  this  time,  that  we  cannot  tell 
what  other  changes  it  may  fuftain.  I  am, 
however,  fully  convinced,  that  the  lungs  re- 
quire particular  and  different  kinds  of  air  at 
different  times,  as  much  as  the  ftomach  re- 
quires particular  and  different  kinds  of  food 
at  different  periods  of  life.  Such  is  the  di- 
rect communication  which  the  vital  air  has 
upon  the  blood,  that  the  extent  of  its  influence 
muft  be  very  confiderable  ;  and  this  is  abun- 
dantly 
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dantly  proved  by  the  alteration  of  colour  ane! 
confiftency  it  affumes* 

It  is  now  four  years  fince  I  was  fatisfied 
that  the  lungs  performed  the  office  of  affi- 
milating  or  digeftive  organs,  and  that  the  only 
difference  that  fubfifted  between  them  and  the 
ftomach,  arofe  from  the  difference  of  the 
fubftances  which  each  of  them  feparately 
digefted,;  whilft  the  lungs  adted  upon  and 
affimilated  air  with  a  view  of  meliorating 
the  blood  in  point  of  quality,  the  ftomach 
acted  upon  groffer  materials,  in  order  that  the 
blood  might  be  conftantly  fupplied  in  point 
of  quantity ;  but  that  both  thefe  organs  per- 
formed one  and  the  fame  office,  by  a&ing 
upon  things  foreign  to  the  fyftem,  and  affimi- 
lating  them  to  its  own  nature. 

It  was  from  this  mode  of  reafoning  that  I 
was  led  to  fufpecT:,  that  the  application  of  dif- 
ferent fpecies  of  air  to  the  lungs,  under  differ- 
ent circumftances,  might  prove  highly  bene- 
ficial. 1  had  in  common  with  every  one  wit- 
neffed  the  good  confequences  that  all  experi- 
ence by  the  infpiration  of  an  atmofphere  con- 
genial to  the  fyftem.  I  had  known  feveral 
,  perfons,  and  had  heard  and  read  of  a  mul- 
titude 
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titude  of  others  that  had  been  inftantly  de- 
ftroyed  by  inhaling  noxious  vapours.  I  had 
feen  pert  jus  labouring  with  afthmas,  almoft 
fuffocated  by  a  change  of  weather,  and  again 
fuddenly  relieved  by  the  fame  means.  With 
fads  fuch  as  thefe,  a  man  muft  have  been  im- 
becile indeed  not  to  have  an  idea  of  applying 
particular  kinds  of  air  by  infpiration  to  the 
cure  of  different  complaints.  Holding  how- 
ever, as  I  do,  in  the  utmoft  abhorrence,  ex- 
periments on  living  animals,  I  never  ap- 
plied my  ideas  to  practice.  The  medical 
treatment  of  difeafes  by  this  means  has  been 
taken  up  by  Dr.  Beddoes,  and  profecuted  with 
confiderable  zeal,  and  I  believe  fuccefs,  by  Dr. 
Thornton.  I  certainly  do  know  a  cafe  where 
it  is  attended  with  very  evident  and  extraor- 
dinary good  effects ;  and  I  have  reafon  to  be- 
lieve, that  the  life  of  the  patient  has  been  pro- 
longed by  the  inhalation  of  different  fpecies  of 
air  from  the  pneumatic  machine  *. 

The 

*  I  have  no  other  motive  in  view  than  a  fincere  wifh 
of  averting  the  calamities  to  which  the  human  frame  is 
conftantly  expofed,  and  hope  that  remedies  may  be  found 
by  means  of  which  they  may  be  relieved  and  cured.  I 
have  not  myfelf  applied  the  pneumatic  fyftem  to  the  cure 

vol.  ii.  N  of 
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The  Blood  meliorated  by  the  Union  of  'Vital  Air, 

That  the  air  which  the  lungs  have  affimi- 
lated  exerts  its  influence  on  the  blood,  and 
makes  it  change  from  a  purple  to  a  florid  co- 
lour, is  a  fact  that  was  afcertained  by  Lower 
one  hundred  years  ago.    It  has  been  further 
confirmed  in  more  modern  days  by  a  multi- 
tude of  experiments  made  on  living  animals. 
It  is  a  great  confolation  to  the  phyfiologifts  of 
the  prefent  day,  that  the  number  of  experi- 
ments that  have  been  made  for  the  purpofe 
of  afcertaining  this  point,  render  any  further 
facrifices  totally  unnecefTary.     I  mall  merely 
mention  the  names  of  Dr.  Goodwin,  of  Mr. 
Hunter,  and  Mr.  Coleman  :  thefe  gentlemen 
have  drowned  and  poifoned  as  many  cats  and 
dogs  as  would  completely  choke  up  Houndf- 
dicch. 

of  difeafe  :  I  wait  for  more  fa£ts  and  more  experiments. 
When  I  fee  the  plan  properly  eftablifhed  (if  it  ever  be 
fo),  I  fhall  think  it  criminal  in  any  practitioner,  whether 
through  obflinacy  or  other  motive,  not  to  give  into  it. 
I  am  afraid,  however,  that  it  is  too  indifcriminately  em- 
ployed at  prefent,  and  that  it  will  fink  into  oblivion  from 
an  excefs  of  zeal,  and  from  the  application  of  it  being 
made  too  univerfal. 

Dr. 
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Dr.  Goodwin  procured  feveral  large  dogs, 
removed  the  fternum  of  each,  and  expofed  to 
view  the  trunks  of  the  pulmonary  arteries  and 
veins,  fo  as  to  allow  him  to  diftinguiih  accu- 
rately the  colour  of  the  blood  that  palled 
through  them.    The  blood  in  the  pulmonary 
artery  was  found  to  be  black  ;  the  blood  in  the 
pulmonary  veins  was  found  to  be  florid  and 
red.    In  thefe  experiments  it  was  obferved, 
that  although  the  blood  in  the  trunk  of  the 
pulmonary  artery  was  black  during  the  infla- 
tion, the  blood  in  the  trunk  of  the  pulmo- 
nary vein  became  florid  and  red;  and  when 
the  inflation  was  interrupted  for  one  minute, 
the  blood  in  the  trunk  of  the  pulmonary  vein 
became  gradually  black,  like  the  blood  in  the 
trunk  of  the  pulmonary  artery,  alternately 
changing  from  a  deep  red  to  a  florid  com- 
plexion during  the  act  of  infpiration,  and 
again  lofing  the  florid  complexion  by  fuf- 
pending  the  inflation  until  it  regained  its  dark 
hue. 

Let  us  hear  Mr.  Hunter's  obfervations  upon 
this  fubjed.  «  If  the  air  is  confined  in  the 
lungs  of  a  quadruped,  it  foon  lofes  its  power 
over  the  blood,  which  remains  dark.  This 

N  2  expe- 
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experiment,"  fays  he,  "  I  have  repeated  feve- 
ral  times  upon  feveral  animals,  and  commonly 
for  half  an  hour  at  a  time  ;  which  was  fuffi- 
cient  to  allow  me  to  make  my  obfervations 
with  coolnefs  and  accuracy.    In  the  firft  part 
of  the  experiment  it  was  curious  to  fee  the 
coronary  arteries  turn  darker  and  darker,  be- 
coming like  the  veins  which  run  on  each 
fide  of  them;  and,  on  blowing  again,  refum- 
ing  gradually  a  bright  colour,  till  they  be- 
came of  a  florid  red.    And  again,"  fays  he, 
"  when  I  continued  the  artificial  bleeding,  I 
obferved  that  the  blood  in  the  pulmonary  veins 
coming  from  the  lungs,  the  left  auricle  and 
ventricle  of  the  heart,  aorta,  &c.  was  florid  in 
the  proportion  as  I  threw  in  air  into  the  lungs, 
and  dark  again  as  I  fufpended  the  inflation. 
I  cut  off  a  piece  from  the  lungs,  and  found  that 
the  colour  of  the  blood  which  came  from  the 
wound  correfponded  with  the  above  effect. 
When  I  threw  in  air  into  the  lungs,  fo  as  to 
render  the  blood  florid  in  the  pulmonary 
veins,  two  kinds  of  blood  iflued  from  the 
wound  ;  and  when  I  left  off  blowing,  the 
whole  blood  which  paffed  out  was  not  florid 
and  dark,  but  dark  only." 

Finally, 
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Finally,  Mr.  Coleman  "  hanged  up  feveral 
unfortunate  dogs  j  the  fternum  was  removed, 
and  the  lungs  inflated  until  the  blood  in  the 
pulmonary  vein  and  left  auricle  of  the  heait 
became  florid."  s 

We  may  therefore  admit  it  as  a  fact,  that 
the  air  which  the  lungs  have  feparated,  and 
which  the  blood  in  its  paflage  through  the 
lungs  has  received,  is  the  caufe  of  the  florid 
colour  it  aflumes.  That  black  blood  will  be 
made  red  out  of  the  body  by  the  addition  of 
oxygene,  is  a  fadt.  proved  beyond  all  doubt. 
I  took  half  an  ounce  of  craflamentum,  which 
I  kept  four  days,  and  which  by  that  time  was 
become  perfectly  black ;  I  fprinkled  over  it 
two  drachms  of  pulverized  nitre,  which  con- 
tains a  large  quantity  of  oxygene  :  in  two 
hours  the  whole  furface  of  the  black  crafTa- 
mentum  was  become  red  ;  and  in  two  days 
the  whole  mafs  was  not  only  become  red,  but 
was  changed  from  a  folid  to  a  fluid  form. 

Dr.  Goodwin  enclofed  a  quantity  of  oxy- 
gene air  in  a  glafs  receiver  inverted  in  quick- 
filver,  and  introduced  into  it  four  ounces  of 
blood  frefh  drawn  from  the  jugular  vein  of  a 
ftieep  :  the  blood  became  inftantly  very  florid, 

N  3  and 
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and  the  quickfilver  feenjed  to  afcend  a  little  in 
the  rec  Iver. 

When  the  lungs  have  not  the  power  to  a£fc 
upon  and  feparate  the  air,  or  when  air  is  intro- 
duced which  does  not  poffefs  the  aptitude  to  be 
acted  upon  by  them,  the  air  in  the  bronchia 
preferves  its  original  properties,  and  the  blood 
in  the  pulmonary  veffcls  continues  unaltered  ; 
lb  that  it  does  not  obtain  the  melioration 
which  it  requires. 

On  the  contrary, when  the  blood  has  received 
from  the  air  the  melioration  it  demands,  fuch  is 
the  aptitude  it  poffefles  to  be  moved,  that  the 
weaknefsofavein  is  fufficiently  ftrong  to  convey 
it  from  the  lungs  to  the  left  fide  of  the  heart. 

Dr.  Goodwin  inflated  the  lungs  of  feveral 
dogs,  removed  the  fternum,  and  expofed  the 
pericardium  in  fuch  a  manner  that  the  mo- 
tion of  the  auricles  and  ventricles  might  be 
eafily  diftinguifhed.  "  I  made  (fays  he)  thefe 
experiments  with  all  the  circumfpeclion  here 
mentioned,  and  in  the  procefs  of  inflation  I 
carefully  attended  to  the  change  in  the  colour 
of  the  blood,  and  in  the  correfponding  con- 
tractions in  the  left  auricle  and  ventricle  of 
the  heart ;  and  in  all  the  examples,  I  obferved 

that 
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that  when  the  blood  which  pafled  into  the 
left  auricle  was  florid,  the  auricle  and  ventricle 
contracted  ftrongly,  and  the  circulation  went 
on  as  in  health ;  but  when  the  blood  began  to 
put  on  a  {hade  of  brown,  the  contractions 
were  diminished  ;  and  when  it  was  black  the 
contractions  ceafed,  and  the  functions  of  the 
body  were  fufpended  :  but  as  foon  as  the  flo- 
rid colour  of  the  blood  began  to  be  reftored, 
the  auricles  and  ventricles  refumed  their  con- 
tractions ;  they  gradually  recovered  their  na- 
tural ftate,  and  all  the  functions  of  the  body 
returned." 

Mr.  Hunter  fays,  that  in  the  experiments 
he  made,  refpiration  was  prevented  in  the  be- 
ginning in  confequence  of  the  time  neceffary 
to  tie  and  adapt  his  apparatus ;  tjie  blood 
therefore  was  of  a  dark  colour,  the  heart 
large,  and  hardly  afting  ;  but  on  throwing 
into  the  lungs  frefh  air,  the  heart  began  to 
ad,  upon  which  both  auricles  and  ventricles 
became  gradually  fmaller :  then  by  flopping 
the  refpiration  they  again  became  larger  and 
larger. 

If  more  were  neceifary  to  eftablim  the  fact, 
that  it  is  owing  to  the  power  of  the  lungs  that 

N  4  the 
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the  blood  becomes  fitted  to  be  acted  upon  by 
the  vafcular  fyftem,  and  that  thefe  organs  may 
confequently  be  called  the  pun&um  faliens 
from  whence  the  blood  begins  to  move  ;  I 
fhould  bring  forward  the  multitude  of  cafes 
which  every  obftetric  practitioner  muft  have 
witnefTed,  of  children  that  have  been  ap- 
parently ftill-born,  but  where  the  left  fide  of 
the  heart  has  been  excited  by  means  of  artifi- 
cial refpiation  (inflating  the  lung- ).  I  mould 
relate  by  the  fame  means  the  refufcitation  of 
thofe  aparently  killed  by  immerfion,  of  thofe 
fuffocated  by  the  inhalation  of,  noxious  va-; 
pours,  Sec.  6cc. 

In  what  Ma?mer  the  Vital  Air  is  conveyed  into 
the  Blood, 

Such  is  the  imperfection  of  our  anatomical 
knowledge,  that  the  fad:  is  not  yet  aicertained, 
whether  the  pulmonary  veins  have  or  have 
not  an  open  orifice,  by  means  of  which  the  air 
is  abforbed  and  conveyed  into  the  blood  ;  or 
whether  the  air  permeates  their  coats  as  the 
rays  of  light  do  the  cornea  of  the  eye. 

Dr.  Prieftley  introduced  a  portion  of  blood 
within  a  bladder,  and  by  agitating  a  quantity 

of 
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of  atmofpheric  air  againft  the  fides,  he  found 
that  the  colour  of  the  blood  was  changed  in 
confequence.  It  rauft  however  be  remarked, 
that  an  experiment  of  this  kind  proves  no- 
thing with  refpect  to  the  living  actions  of 
living  parts  ;  becaufe  we  find,  that  after  thofe 
actions  have  ceafed,  and  none  but  thofe  of  pre- 
fervation  remain,  a  feparation  takes  place 
of  the  fibres,  of  which  the  coats  of  the  blad- 
der are  compofed ;  it  becomes  porous  in 
confequence,  and  would  therefore  readily  ad- 
mit the  introduction  of  air.  We  find  this  to 
be  efpecially  the  cafe  with  the  gall-bladder :  as 
foon  as  the  actions  of  life  have  ceafed,  the  bile 
tranfudes  its  fides,  and  tinges  the  furrounding 
parts. 

Dr.  Goodwin,  aware  1  fuppofe  of  this  cir> 
cumftance,  diiTe&ed  the  cellular  membrane 
from  the  final!  vein  in  the  neck  of  feveral 
rabbits,  and  confined  the  blood  within  by 
means  of  ligatures  ;  he  then  conducted  a  fmall 
ftream  of  dephlogifticated  air  to  the  coats  of 
the  veffejs :  in  fome  of  them,  the  blood  be- 
came a  little  florid,  but  in  others  there  was  no 
diftinct  change,  although  the  ftream  of  air  was 
conducted  for  two  minutes."  It  would  there- 
fore 
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fore  appear  more  probable,  that  the  pulmonary 
veins  have  an  abforbent  orifice,  by  means  of 
which,  the  air  is  received  which  the  lungs  have 
ammilated,  and  that  it  then  unites  with  the 
blood  they  contain,  where  it  produces  the  ef- 
fects we  have  defcribed  *. 

It  is  owing  to  the  high  degree  of  vita- 
lity which  the  blood  has  in  confequence  re- 
ceived, that  its  aptitude  to  be  moved  is  pro- 
portionably  increafed.  We  are  in  the-  habit  of 
laying,  that  it  flimulates  the  vafcular  fyftem  in 
a  more  powerful  degree  than  it  would  other- 
wife  do  :  it  does  not  however  appear  to  me, 
that  this  language  is  perfectly  correct ;  the 
whole  of  the  vafcular  fyftem  is  conftantly  pre~ 
dilpofed  to  ad:,  provided  it  has  a  proper  fub- 
jecjt  on  which  to  operate :  the  blood  itfelf  is 
perfectly  paffive,  and  it  is  when  deftitute  of 
ftimulating  properties  that  it  contains  in  a 

*  That  the  air  is  taken  up  by  the  pulmonary  veins,  and 
not  by  the  abforbent  lymphatic  vcfTels,  is  evident  from  this, 
that  it  produces  its  effect  on  the  blood  going  to  the  Lfty 
fide  of  the  heart ;  whereas,  if  it  were  taken  up  by  the  ab- 
forbent veflels,  it  would  be  conveyed  through  the  medium 
of  the  fubclavian  vein  into  the  right  fide,  where  it  would 
produce  its  effect ;  and  which  it  does  not. 

mo  ft 
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moft  eminent  degree  the  capacity  to  be  moved. 
If  the  properties  of  the  blood  be  examined  in 
different  fyftems  of  veflels  in  the  pulmonary 
veins  and  pulmonary  arteries,  in  its  moft 
pure  ^and  vital  (late,  or  when  it  fubfifts  in 
its  moft  impure  and  dead  one,  we  fhall  find, 
that  in  the  one  it  is  perfectly  homogeneous, 
in  appearance  bland,  and  mild  in  its  quali- 
ties ;  the  air  which  it  has  received  is  in  fuch 
complete  union  with  the  whole,,  that  it  can 
fcarcely  be  detected.  Ligatures  have  been 
applied  on  a  portion  of  the  pulmonary  vein, 
and  the  blood  it  contained  enclofed  within  : 
it  has  been  put  under  the  receiver  of  an  ait- 
pump,  and  the  air  exhaufled  ;  but  the  vein 
did  not  fwell  or  diftend  as  if  it  contained  any 
air  whatever.  On  the  contrary,  if  the  blood 
in  the  pulmonary  artery  be  treated  in  the 
fame  way,  it  evidently  feems  to  be  in  a  ftate 
of  feparation  j  the  vefTel  fwells,  and,  if  it  be 
opened,  a  quantity  of  gazeous  matter  imme- 
diately evaporates. 


CHAP. 


l88       DISTRIBUTION  OF  THE  BLOOD 


CHAP.  V. 

OF  THE  MEANS  BY  WHICH  THE  BLOOD  IS  DIS- 
TRIBUTED PROM  THE  LUNGS  TO  THE  DIF- 
FERENT PARTS  OF  THE  SYSTEM. 

i 

It  proceeds  from  the  lungs  through  the  medium  of  four  pul- 
monary veins  to  the  left  auricle  and  ventricle  of  the  heart — 
from  the  left  ventricle  of  the  heart,  it  is  conveyed  into  the 
aorta,  and  by  various  ramifications  is  dijlributed  to  the 
ivhole  of  the  fyllem — the  arteries  defcribedt  r<&c.  &c.  £sV. 

ADMITTING  that  the  lungs  conftitute  the 
organs  by  which  the  blood  becomes  meliora- 
ted and  improved,  I  think  it  juft  to  conclude, 
that  it  is  from  them  that  its  motion  begins, 
and  in  which  the  true  fanguifying  point  con- 
fifts  :  the  blood  is  conveyed  from  the  lungs 
through  the  medium  of  four  pulmonary  veins, 
which  gradually  congregate  together  into  one 
trunk,  and  enter  the  left  auricle  of  the  heart. 

The  heart  is  a  large  mufcular  body,  in  fhape 
refembling  a  cone,  fituated  in  the  thorax,  be- 
tween two  laminas  of  the  mediaftinum,  and 
invefted  by  a  ftrong  membrane  called  pericar- 
dium, 
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dium,  from  which  it  is  feparated  by  the  me- 
dium of  a  fine  fluid,  which  has  received  the 
appellation  of  liquor  pericardii.  Such  is  the 
increafed  aptitude  to  be  moved  which  the 
blood  acquires  in  confequence  of  the  vital  air 
it  receives  from  the  lungs,  that,  as  foon  as  the 
fcetal  ftate  is  ended,  and  the  adult  begun,  the 
left  fide  of  the  heart,  which  could  not  be  found 
ab  externo  to  move  before,  immediately  pul- 
fates,  and  that  in  a  moft  rapid  manner  *, 

As  foon  as  the  left  auricle  of  the  heart  con- 
tracts, the  cavity  of  which  it  is  compofed  be- 
comes immediately  diminished,  and  the  blood 
with  which  it  was  filled  is  forced  into  the 
left  ventricle,  which  at  that  moment  is  in  a 
dilated  ftate  :  the  left  ventricle  is  feparated 
from  the  left  auricle  by  the  medium  of  the 
mitral  valves  ;  the  fringes  of  thefe  valves  are 

*  As  foon  as  the  increafed  contraction  of  the  left  au- 
ricle of  the  heart  takes  place,  the  foramen  ovale  begins  to 
clofe,  by  the  increafed  preflure  which  the  valve  fuftains  : 
it  is  by  the  mechanical  preflure  which  the  blood  produces 
on  the  valve,  that  the  direct:  pafiage  of  the  blood  from 
the  right  to  the  left  auricle  gradually  diminifhes,  and  the 
valve  becomes  converted  into  a  perfect  feptum. 

tied 
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tied  to  the  internal  furface  of  the  ventricle 
by  a  number  of  tendinous  filaments,  called 
chorda?  tendinse.  Thefe  chords  are  attached 
to  a  number  of  flefhy  pillars,  called  carneas  co- 
lumnar :  as  foon  as  the  ventricle  contracts,  the 
blood  is  prevented  from  regurgitating  into  the 
auricle,  by  the  elevation  of  the  valves ;  it  is 
therefore  forced  into  the  aorta.  The  blood  is 
prevented  from  regurgitating  from  the  aorta 
into  the  left  ventricle,  by  means  apparently 
the  fame  as  it  was  from  the  ventricle  back  into 
the  auricle.  The  valves  that  are  allotted  this 
office  are  three  in  number,  and  of  a  femi-lunar 
appearance.  Although  it  is  very  true  that  a 
conftruction  of  this  defcription  does  not  fill 
very  accurately  the  whole  circumference  of 
the  aperture,  the  defect  is  fuppjied  by  means 
of  three  fmall  tubercular  bodies,  called  corpora 
fiiamoidea,  by  means  of  which  the  whole  is 
perfected. 

Of  the  Aorta. 

As  foon  as  the  left  ventricle  of  the  heart 
ends,  the  aorta  begins ;  it  immediately  gives 
out  coronary  branches  that  are  diftributed  to 
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the  heart  itfelf ;  it  rifes  upwards  three  or  four 
inches,  inclining  towards  the  right  fide  of  the 
thorax  ;  it  then  takes  a  very  diftorted  courle 
towards  the  left,  forming  what  is  called  its 
creat  curvature  or  arch.  It  is  from  the  con- 
vex  fide  of  this  arch,  that  three  arteries  of  very 
confiderable  magnitude  have  their  origin,  and 
which  are  diftributed  to  the  fuperior  parts  of 
the  fyftem  :  the  trunk  of  the  aoita  then  benda 
downwards,  and  is  called  aorta  delcendens, 
touching  in  its  courfe  the  left  fide  of  the  fpine. 

Whilft  the  aorta  continues  within  the  thu- 
rax,  it  fends  off  in  the,  fir  ft  piace  vcilcii  that 
are  immediately  detlined  to  convey  biuod  for 
the  nourishment  and  fupport  of  tbc  lungi  \  they 
are  generally  three  or  four  in  Dumber,  and 
are  called  bronchial  arteries.  The  bronchial 
arteries  are  very  intimately  diftributed  Upon 
the  fubftance  of  the  lungs,  following  the  courle 
of  the  bronchi*,  and  extend  as  far  a?  the 
trachea  itfelf,  fending  off  twigs  alio  to  the 
oefophagus*. 

Below 

•  A  great  variety  frequently  occurs  in  the  origia  of 
different  arteries,  and  in  none  perhaps  more  than  in  chofc 
I  have  jult  defcribed.    Although  they  for  the  molt  paft 

arife 
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Below  the  part  where  the  bronchise  arife, 
the  aorta  fends  off  five  or  fix  fmall  twigs  called 
arteria  cefophagea,  from  the  organ  on  which 
they  are  diftributed. 

As  the  aorta  proceeds  in  its  courfe  down- 
wards, it  gives  out  feven  or  eight  arteries  on 
each  fide,  at  the  interval  of  each  vertebra : 
each  of  thefe  arteries  thus  proceeds  along  a 
fpace  which  is  particularly  formed  for  that 
purpofe,  at  the  inferior  edge  of  each  of  the 
ribs,  giving  out  an  immenfe  number  of  rami- 
fications to  the  intercoftal  mufcles,  and  conti- 
guous parts,  as  far  as  the  fternum  itfelf. 

After  the  aorta  has  given  out  thefe  different 
veffels,  it  palfes  under  the  arch  which  is  form- 
ed by  the  crura  of  the  diaphragm,  fending  off 
two  branches  to  the  diaphragm  itfelf  called  the 
phrenic,  and,  proceeding  along  the  left  fide  of 
the  fpine,  enters  the  cavity  of  the  abdomen. 

After  the  aorta  has  entered  the  cavity  of  the 
abdomen,  at  the  eleventh  vertebra  of  the  back, 
it  gives  out  from  its  anterior  portion  an  artery, 
which  is  enveloped,  as  it  were,  by  the  leffer 

arife  from  the  aorta,  it  occafionally  happens  that  they 
proceed  from  the  mammary,  and  fometimes  from  the  in- 
tercoftal- 

curvature 
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curvature  of  the  ftomach :  it  is  ftiort,  but  of  con- 
fiderable  lateral  dimenfion,  and  is  called  the  ce- 
liac: this  large  trunk  divides  into  threebranches; 
the  firft  of  thefe,  which  is  called  coronaria 
ventriculi,  is  in  the  centre  of  the  three,  and  is  in 
iize  larger  than  a  crow-quill ;  it  rifes  upwards, 
and  inclines  towards  the  pyloric  or  left  portion 
of  the  ftomach  :  before  it  reaches  the  pyloric 
orifice  it  divides  into  two  branches,  which  are 
diftributed  by  means  of  different  ramifications 
to  the  whole  of  the  ftomach  itfelf.  It  were 
tedious  to  trace  the  courfe  which  the  different 
twigs  generally  take,  and  mention  the  parts  on 
which  they  are  fpread. 

The  fecond  branch  which  the  cseliac  gives  out 
is  efpecially  diftributed  upon  the  hepatic  fyftem, 
and  is  confequently  called  the  hepatic  artery  : 
the  hepatic  trunk,  after  patting  under  the  fto- 
mach, fends  off  two  veffels  to  that  organ, 
one  to  the  right  portion,  and  which  is  called 
gaftrica  dextra ;  another  to  the  left,  called 
pylorica  :  the  hepatic  artery  fupplies  alfo  the 
pancreas  and  duodenum  with  a  confiderable 
branch  before  it  reaches  the  liver  ;  and  after  it 
has  entered  the  fiffure  of  the  liver,  it  becomes 
vol.  11.  O  enclofed 
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enclofed  in  GlhTon's  capfule,  and  then  divides 
into  two  branches  :  the  right  branch  paflcs 
under  the  biliary  duc>  l?and,  after  fupplying 
the  gall-bladder  with  a  cyftic  branch,  enters 
the  right  lobe  of  the  liver.  The  left  branch, 
which  is  the  finalleft.  of  the  two,  enters  the 
liver  at  the  foffa  umbilicalis,  fupplying  in  an 
efpecial  manner  the  left  with  blood 

The  third  and  laft  branch  which  proceeds 
from  the  casliac  trunk  is  called  the  fplenic,  and 
is  by  far  the  largeft  of  the  three ;  it  is  as 
large  as  a  large  goofe -quill:  it  proceeds  at 
right  angles,  and,  after  purfuing  a  very  dis- 
torted courfe,  paffes  along  the  upper  edge  of 
the  pancreas,  upon  which  it  bellows  differ^ 
ent  branches :  nor  upon  the  pancreas  alone  does 
it  diftribute  veffels  before  it  reaches  the  fpleen  ; 
it  fupplies  the  large  extremity  of  the  ftomach 
alfo  with  a  confiderable  branch  called  gaftrica 
finiftra. 

As  the  fplenic  artery  runs  clofe  along  the 
great  curvature  of  the  ftomach,  it  fends  off 
four  or  five  branches  to  that  part,  called  vafa 
hrevla :  the  remaining  trunk  of  the  fplenic 
artery  either  paffes  in  an  undivided  courfe  and 

enters 
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enters  the  fybftance  of  the  fpleen,  or  occasion- 
ally divides  into  feveral  branches  before  it 
reaches  that  organ. 

Of  the  Superior  Mefenterlc  Artery, 

The  fuperior  mefenteric  artery  arifes  from 
the  aorta,  about  half  an  inch  below  the  cseliac  : 
the  origin  of  the  trunk  is  fituated  in  common 
with  the  cseliac,  between  the  crura  of  the 
diaphragm  ;  it  then  paffes  under  the  pancreas, 
fending  off  a  branch  to  the  largeextremity  of 
that  organ;  and  after  penetratingthe  mefocolon, 
it  proceeds  to  the  mefentery  itfelf,  between  the 
laminae  of  .which  it  becomes  included;  it  then 
forms  a  kind  of  arch,  turning  firft  to  the  left, 
and  by  a  gradual  contortion  to  the  right 
again,  goes  a  considerable  way  down  the  ab- 
domen before  its  ramifications  begin.  There 
are  lixteen  branches  or  more  that  fupply 
the  inteftines  alone  :  fuch  is  the  frequent 
communication  thefe  veffels  have  with  each 
-  other,  that  they  form  a  complete  net-work  on 
the  mefentery,  before  their  termination  on  the 
inteftinal  canal.  . 
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Of  the  Emulgent  Arteries. 

A  little  below  the  fuperior  mefenteric  artery, 
the  aorta  gives  almoft  at  right  angles  thefe  ar- 
teries, and  which  are  diftributed  to  the  kidneys; 
they  are  fhort  and  thick,  and  as  foon  as  they 
reach  the  concave  fide  of  the  kidneys  each  of 
them  divides  into  three  or  four  branches,  and 
which  enter  the  fubftance  of  the  kidney  itfelf ; 
they  have  frequent  anaftomofing  with  each 
other:  the  exhalant  outlet  they  poffefs,  termi- 
nates in  the  papillae  uriniferse,  where  the  fluid 
they  effufe  is  changed  into  an  urinous  flate  : 
fmall  branches  from  thefe  veffels  are  diftributed 
upon  the  capfulae  renales,  and  upper  portion  of 
the  ureters. 

The  Inferior  Mefenteric  Artery 

Arifes  from  the  anterior  portion  of  the  aorta, 
confiderably  below  thofe  I  have  juft  defcribed. 
It  foon  divides  into  three  or  four  branches ;  one 
of  thefe  anaftomofes  with  the  branches  of  the 
fuperior  mefenteric  artery,  completing  the 
mefenteric  arch  ;  other  branches  are  diftributed 
upon  the  colon,  and  fupply  that  vifcus  with 
blood. 

After 
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After  the  trunk  of  the  inferior  mefenteric  ar- 
tery has  given  out  thefe  branches,  it  is  ftill  of  con- 
siderable magnitude,  often  as  large  as  a  common 
writing  quill.  It  turns  in  an  oblique  man- 
ner over  the  pelvis,  and  proceeds  the  whole 
length  of  the  pofterior  part  of  the  rectum, 
until  its  termination  at  the  anus,  and  is  called 
the  hemorrhoidal  artery. 

The  Lumbar  Arteries  feem  to  perform  the 
fame  office  in  the  loins  the  intercoftal  do  in  the 
thorax  :  they  proceed  in  five  or  fix  pairs  from 
the  pofterior  part  of  the  aorta :  the  upper  of 
thefe  arteries  tends  from  the  aorta  at  right 
angles,  the  lower  one  has  a  fmall  inclination 
downwards  :  each  lumbar  artery  gives  out, 
like  each  intercoftal,  two  principal  branches, 
one  of  which  goes  to  the  fpine,  fupplies  the 
vertebra,  and  pafles  into  the  fpinal  marrow  it- 
felf ;  and  another  branch,  which  is  diftributed  by 
the  medium  of  its  ramifications  upon  the  muf- 
cles  of  the  back  and  loins. 

Of  the  Arteries  of  the  Pelvis, 

When  the  aorta  has  reached  the  fourth 
vertebra  of  the  loins,  it  bifurcates  into  two 

O  3  equal 
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equal  trunks,  giving  off  from  the  middle  of 
the  bifurcation  an  artery  which  is  called  #r- 
ter'ia  facra  media ;  it  proceeds  ftraight  down 
over  the  projecting  point  of  the  facrum, 
as  far  as  the  ultimate  termination  of  the 
os  coccygis,  giving  in  its  courfe  different 
branches,  which  go  off  in  lateral  directions, 
the  fibres  of  which  inofculate  with  the  ar- 
teries with  which  thofe  parts  are  more  im- 
mediately fup  plied. 

The  aorta  then  lofes  the  name  it  formerly 
affumed,  and  the  two  trunks  are  known  by  the 
appellation  of  the  iliacs.  The  two  iliac  arteries 
progreffively  diverge  frcm  each  other,  in  a  la- 
teral direction,  fo  that  when  they  have  reached 
the  brim  of  the  pelvis  they  are  found  at  the 
part  where  the  facrum  and  haunch  bones  are 
united.  After  the  two  great  trunks  of  the 
iliac  arteries  have  paffed  below  thefe  parts, 
each  of  them  feparates  itfelf  into  two.  One  of 
thefe  (on  each  fide)  is  called  the  internal,  and 
the  other  the  external  iliac. 

The  internal  iliac,  or  hypogaftric  artery,  i 
of  confiderable  magnitude,  more  efpecially  i 
the  fcetal  than  in  the  adult  ftate.  It  is  the  trun 
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of  each  of  thefe  arteries,  which  iri  the  fcetal 
ftate  conftitutes  the  means  by  which  the  blood 
is  returned  from  the  fcetal  to  the  maternal  fyf- 
tems  :  after  turning  low  down  into  the  pelvis 
with  a  large  circle,  they  rife  again  by  the  fides 
of  the  bladder,  and  afcend  towards  the  umbili- 
cus, which  they  pafs  through,  forming  the  um- 
bilical arteries.  Soon  after  the  infant  is  born, 
thefe  arteries  become  obliterated,  and  merely 
exift  in  the  form  of  a  ligamentous  fubftance. 

It  is  the  arch  which  I  have  above  defcribed 
that  gives  to  the  internal  iliac  artery  a  con- 
vexity in  its  inferior  part,  and  from  whence 
different  arteries  immediately  proceed  :  fome 
of  thefe  fupply  the  different  pelvic  vifcera, 
the  fexual  and  generating  organs  *  of  both 
fexes  alfo,  and  which  are  called  by  the  name 
of  the  organ  or  part  upon  which  they  are 
diftributed. 

The  other  branches. of  this  artery,  and  which 
are  four  in  number,  pafs  out  of  the  pelvis  and 
fupply  the  glutaei  mufcles,  &c.  &c.  with  an 
abundant  quantity  of  blood  f. 

*  The  veflels  that  fupply  the  generating  and  fexual  or- 
gans have  been  already  defcribed. 

t  It  would  be  fuperfluous  in  this  place  to  give  a  further 

O  4  account 
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The  different  parts  of  the  machine  that 
are  fupplied  with  blood  from  the  various  arte- 
ries I  have  defcribed,  (with  a  few  exceptions 
only)  are  efpecially  deftined  by  the  actions 
they  perform  to  preferve  the  machine  in  a 
healthy  ftate,  and  to  reftore  the  lofs  it  fuftains 
in  confequence  of  the  various  voluntary  actions 
it  is  made  to  perform:  on  the  contrary,  the 
other  veflfels  I  am  now  to  defcribe  are  for  the 
moft  part  deftined  to  nourifh  parts  that  are 
fubfervient  to  the  energy  of  the  will,  and  which 
conftitute  in  fact  voluntary  parts  ;  for,  whether 
thofe  arteries  are  diftributed  to  bones,  to  ten- 
dons, or  mufcles,  the  final  caufe  in  them  all  is 
the  fame — bones  being  deftined  to  form  at- 
tachments to  tendons,  tendons  to  mufcles,  and 
mufcles  themfelves  conftituting  the  moving 
inftruments  by  means  of  which  the  energy  of 
the  will  is  difplayed,  and  on  which  it  is  parti- 
cularly exerted. 

account  of  the  fpermatic  artery :  it  arifes  from  the  lateral 
parts  of  the  aorta  a  little  above  the  lower  mefenteric  ar- 
tery. 

The 
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The  External  Iliac  Artery 

Paffes  by  the  brim  of  the  pelvis  along  the  edge 
of  the  pfose  mufcles,  through  Poupart's  ligament 
into  the  thigh,  affuming  the  appellation  of 
femoral  artery.  Juft  before  the  femoral  artery 
has  paffed  through  the  ligament  it  gives  out  two 
branches  t  inftead  of  following  the  courfe  of 
the  trunk  from  whence  they  are  derived,  they 
take  a  totally  different  one.  One  of  thefe  arte- 
ries, which  runs  to  the  internal  edge  of  the 
ilium,  ramifies  on  the  oblique  and  tranfverfe 
mufcles  of  the  abdomen,  and  anaftomofes  with 
the  lumbar  arteries,  is  called  circumflexa.  The 
other  branch  is  called  the  epigaftric,  afcends  on 
the  internal  part  of  the  abdomen  by  the  edge 
of  the  tranfverfe  mufcle,  and  becomes  placed 
upon  the  centre  of  the  recti  mufcles,  and  finally 
inofculates  with  the  internal  mammary  artery. 

The  femoral  artery,  inftead  of  feparating 
into  different  branches,  fends  off  a  confiderable 
branch  only,  called  arteria  profunda,  about 
three  fingers  breadth  from  the  ligament :  it  is 
the  different  ramifications  that  proceed  from 
this  trunk  which  fupply  the  various  mufcles  ef- 
pecially  fituated  on  the  upper  part  of  the  thigh. 

The 
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The  femoral  artery,  after  this  feparation,  fol- 
lows the  inclined  courfe  of  the  fartorius 
mufcle  by  which  it  is  covered  ;  it  then  be- 
comes fo  fuperficially  fituated,  that  the  pulfa- 
tion  of  it  ab  externo  may  eafily  be  felt,  being 
covered  by  the  common  ligaments  and  the 
fafcia  of  the  thigh  alone.  It  then  perforates  the 
triceps  mufcle  about  the  diftance  of  two  hands 
breadth  from  the  knee  joint,  and  bending 
downwards  gets  under  the  ham,  where  it  lofes 
the  name  of  femoral,  and  obtains  that  of  pop- 
liteal. 

Of  the  Popliteal  Artery. 

The  popliteal  artery  therefore  begins  where 
the  femoral  ends,  and  muft  be  confidered  as 
a  continuation  of  it.  It  lies  upon  the  pof- 
terior  and  inferior  extremity  of  the  thigh 
bone,  and  paries  down  betwixt  the  hollow 
which  is  formed  betwixt  its  condyles ;  from 
the  ham  the  popliteal  artery  defcends  into  the 
leg,  under  the  heads  of  the  gaftrocnemii 
mufcles,  and  divides  below  the  joint  under 
the  head  of  the  tibia  into  three  great  branches. 

The  firft  of  thefe,  which  palfes  behind  the 
tibia,  is  called  pofterior  tibial  j  the  fecond,  after 

per- 
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perforating  the  iriteroffeous  ligament,  advances 
along  the  fore  part  of  the  tibia,  and  is  called 
tibialis  anticd ;  and  finally,  the  third,  which 
paflfes  down  behind  the  fibula,  is  called  by  the 
common  name  of  fibular  or  peroneal  artery. 
It  is  from  the  elongated  ramifications  of  thefe 
different  trunks  that  the  foot  and  toes  are  fup- 
plied  with  blood. 

In  proportion  as  thefe  arteries  proceed  farther 
from  the  heart  they  become  more  mufcular  in 
their  fabric,  and  propel  the  blood  they  contain, 
more  perhaps  by  the  inherent  powers  they 
poffefs,  than  from  the  force  with  which  the 
blood  is  moved  by  the  contraction  of  the 
left  ventricle.    Such,  however,  is  the  admir- 
able contrivance  of  thefe  parts,  that  in  pro- 
portion as  the  auricle  dilates  to  receive  the 
blood  from  the  pulmonary  vein,  the  ventricle 
contracts  to  propel  the  blood  it  contained,  and 
force  it  into  the  aorta  :  and  again,  in  proportion 
as  the  auricle  contracts  with  a  view  of  forcing 
the  blood  into  the  ventricle,  the  aorta  contracts, 
and  propels  the  portion  of  blood  it  had  al- 
ready received,  and  conveys  it  into  the  differ- 
ent veffels  I  have  defcribed.  That  the  power  of 
the  ventricle  muft  exert  confiderable  influence 

on 


204       OF  THE  POTLITEAL  ARTERT, 


on  the  blood  near  to  it  muft  be  readily  allow- 
ed ;  the  arteries  therefore  proceed  from  the 
aorta  at  right  angles  near  the  heart,  and  at 
acute  angles  as  they  recede  from  it  ;  and  when 
they  receive  lefs  advantage  from  its  action, 
from  the  local  determination  of  blood  that  we 
frequently  behold  from  a  mere  blufh  in  the 
cheek  to  the  diftenfion  of  the  penis,  we  muft 
be  led  to  conclude  that  the  veflels  have  of 
themfelves  a  local  power  of  action  independ- 
ently of  the  heart ;  and  that  their  action  is 
frequently  increafed,  whilft  that  of  the  heart 
continues  the  fame. 

After  having  followed  the  courfes  of  the 
aorta  defcendens,  and  pointed  out  the  various 
branches  it  fends  off  for  the  nourilhment  of 
the  various  organs  that  fupport  the  fyftem  in 
general,  and  to  thofe  organs  that  are  fubfer- 
vient  to  the  energy  of  the  will  in  particular ; 
it  is  now  necelTary  to  point  out  the  mode 
in  which  the  veffels  that  proceed  from  the 
curvature  of  the  aorta  are  diftributed.    It  is 
from  the  convex  fide  of  the  curvature  which 
the   aorta  defcribes,   that  three  arteries  of 
conliderable  magnitude  arife,  and  that  are  es- 
pecially deftined  to  convey  blood  to  the  up- 
per 
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per  part  of  the  fvftem  :  the  firft  of  thefe  forms 
one  common  trunk ;  it  has  not,  however, 
proceeded  more  than  an  inch  from  its  origin 
before  it  divides  into  two,  one  branch  of 
which  is  called  the  right  carotid,  and  is  diftri- 
buted  to  the  right  portion  of  the  head  in  ge- 
geral ;  the  other  is  called  the  right  fubclavian, 
fo  called  from  its  fituation  under  the  clavicle. 

It  divides  and  fubdivides  into  different 
branches,  which  fupply  the  pericardium  and 
mediaftinum,  the  thymus  and  trachea.  As  the 
trunk  of  the  fubclavian  artery  afcends  im- 
mediately above  the  firft  rib,  it  lofes  the  name 
of  fubclavian  and  obtains  the  appellation  of 

Axillaris,  from  the  axilla  through  which  it  is 
to  pafs. 

The  Axillary  Artery 

Sends  off  four  confiderable  branches  to  the 
fuperior  part  of  the  thorax,  called  thoraci- 
ca  fuperior;  to  the  mammae  in  general,  but 
more  efpecially  to  the  external  portion  called 
mammaria  externa;  and  finally  to  the  axilla, 
fcapula,  and  parts  contiguous ;  from  whence 
thofe  veffels  derive  their  name.  After  the  ax- 
's illary 
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illary  artery  has  given  out  thefe  branches,  it 
pafles  behind  the  tendon  of  the  pe&oralis  major 
onwards  to  the  arm,  and  then  obtains  the  name 
of  arteria  brachialis. 

The  Arteria  Brachialis, 

In  paffing  under  the  biceps  mufcle,  fends  of? 
different  ramifications  to  the  contiguous  parts; 
and  when  it  has  proceeded  within  two  inches 
of  the  elbow  joint  it  divides  into  two  branches, 
one  of  which  running  along  the  bone  of  the 
fore  arm  is  called  ulna,  and  the  artery  is 
confequently  called  ulnaris.  The  other  ar^ 
tery,  which  is  called  radialis,  follows  the 
courfe  of  the  radius.  It  is  by  the  different 
ramifications  which  immediately  proceed 
from  thefe  trunks,  and  by  the  infinite  num- 
ber of  twigs  that  proceed  from  thefe  ramifi- 
cations, that  the  hands  and  fingers  are  fo 
abundantly  fupplied  with  arteries,  convey- 
ing blood  for  their  nourimment  and  fup- 
port 

The  left  fabclavian  artery  arifes,  like  the 
right,  from  the  arch  of  the  aorta  alfo  ;  but  in-  ; 
Head  of  proceeding  from  one  common  trunk 

with 
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with  the  carotid,  it  arifes  feparate  and  diftincl:. 
Although  its  origin  is  different,  the  mode  of 
its  diftribution  is  the  fame*. 

*  It  has  been  fuppofed  by  fome,  that  the  reafon  why 
people  in  general  were  lefs  alert  or  more  awkward  with 
the  left  arm  than  with  the  right,  proceeds  from  the  blood 
having  from  the  aorta  to  the  left  fubclavian  artery  a  more 
indireft  courfe,  than  it  has  through  the  right ;  fo  that 
the  refiftance  in  the  paffage  of  the  blood  from  the  aorta 
is  more  confiderable  in  the  one  than  it  is  in  the  other; 
and  confequently  that  there  is  a  lefs  quantity  diftributed  to 
the  left  than  to  the  right  fuperior  extremity.  That  there 
is  not  a  more  abundant  quantity  of  blood  diftributed  to 
the  right  than  to  the  left  arm  in  confequence  of  this  mode 
of  conftrucYion  is  evident  from  .this,  that  if  the  area  of 
the  united  trunk  of  the  right  fubclavian  and  carotid,  is 
lefs  than  the  feparate  trunk  of  the  left  fubclavian  and 
left  carotid ;  it  is  more  probable  that  the  difference  In. 
fize  arifes  from  the  difference  in  the  influence  which  the 
contraction  of  the  left  ventricle  produces  feverally  upon 
them  ;  but  that  the  quantity  of  blood  conveyed  by  them 
is  much  the  fame.  That  people  in  general  employ  the 
right  rather  than  the  left  hand,  is  a  matter  of  habit  arifing 
probably  from  imitation  ;  and  that  they  are  more  dexter- 
ous with  the  one  than  with  the  other,  proceeds  from 
additional  experience,  and  the  confequent  aptitude  the 
mufcles  poffefs  to  obey  the  dictates  of  the  will.  At  a  time 
like  this,  when  a  total  change  of  manners  and  eftablifhed 
cuftoms  is  fought,  the  fafhion  will  come  when  the  left 
arm  will  be  more  generally  ufed,  and  therefore  become 

more 
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Of  the  Carotid  Arteries. 

They  are  two  in  number :  the  right,  as  I 
have  faid  before,  arifes  from  the  aorta  in  one 
common  trunk  with  the  fubclavian  ;  and  on 
the  contrary,  the  left  carotid  arifes  feparate  and 
diftincl:  from  the  trunk  of  the  left  fubclavian  : 
the  ramifications  of  the  right  are  deftined  to 
fupply  the  right  fide  of  the  head,  as  the  left 
are  deftined  to  fupply  the  left. 

The  trunks  of  the  carotid  arteries  mount 
upwards  upon  the  neck  by  the  fide  of  the 
trachea,  where  the  pulfatory  motions  may  be 
diftinctly  felt :  after  they  have  reached  the 
angle  of  the  lower  jaw,  each  of  the  trunks  di- 
vides into  two ;  the  external  branch,  which 
is  called  the  external  carotid,  fupplies  the 
larynx  and  face — the  fcalp— and  fome  of  the 
fibrils  penetrate  the  cranium,  and  are  diftri- 
buted  upon  the  dura  mater  itfelf.  On  the 
contrary,  the  other  branch  which  the  trunk  of 
the  carotid  artery  gives  out,  fupplies  the  inter- 
nal parts  of  the  head,  and  is  confequently  called 
the  internal  carotid. 

The  internal  carotid  artery  proceeds  as  far 

more  dexterous  than  the  right,  notwithstanding  the  kfs 
quantity  of  blood  it  is  pretended  it  receives. 

as 
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a6  the  inferior  orifice  of  the  pars  petrofum  of 
the  temporal  bone  ;  and  after  following  the 
tortuous  courfe  of  the  different  parts  through 
which  it  is  to  pafs,  it  enters  the  cavity  of  the 
cranium  on  the  fide  of  the  fella  turcica, 
fending  off  a  branch  to  the  orbit  of  the 
eye,  which  anaftamofes  with  feme  of  the 
fibres  which  the  external  carotid  diftributed 
upon  that  organ  :  the  trunk  of  the  internal 
carotid  proceeds  under  the  bafis  of  the  brain 
at  each  fide  of  the  infundibulum,  and  then 
divides  into  three  branches ;  the  firft  of  which 
fupplies  the  anterior,  the  fecond  the  middle, 
and  the  third  the  pofterior  lobe  of  the  brain. 

Confiderable  as  thefe  arteries  certainly  are 
in  point  of  magnitude,  the  brain  is  not  fup- 
plied  by  them  alone  ;  there  is  a  large  branch 
that  proceeds  from  the  fuperior  and  pofteri- 
or part  of  each  axillary  artery ;  and  becaufe 
they  pafs  through  the  tranfverfe  proceffes  of 
the  vertebrae  of  the  neck  (the  fixth  or  feventh) 
they  have  received  the  appellation  of  vertebral 
arteries.  Thefe  arteries,  after  going  through 
the  great  foramen  of  the  occipital  bone,  enter 
the  cranium.  After  the  vertebral  arteries  have 
entered  the  cranium,  they  approximate  each 

vol,  ii.  P  other, 
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other,  and  ultimately  unite,  forming  one  com- 
mon trunk,  called  the  baiilary  artery.  It  is 
wonderful  to  behold  the  provifion  which  Pro- 
vidence has  made,  by  the  great  number  of  con- 
tortions which  thefe  different  vefTels  fuftain, 
to  weaken  the  impetus  of  the  blood  they  con- 
vey. It  is  not  only  weakened  by  this  means. 
The  internal  carotid  arteries,  as  they  proceed 
by  the  fide  of  the  fella  turcica,  are  furround- 
ed  and  involved  in  a  fpongy  finus,  fomewhat 
fimilar  to  the  corpora  cavernofa,  producing 
perhaps  a  retardation  in  the  motion  of  the 
blood,  by  affording  a  great  dilatation  to  thefe 
veffels.  After  the  arteries  have  perforated  the 
dura  mater,  inftead  of  plunging  into  the  fub- 
ftarice  of  the  brain,  they  attach  themfelves  to 
the  pia  mater,  to  that  delicate  and  tfanfpa- 
rent  membrane  by  which  the  brain  is  imme- 
diately inverted,  and  which  lines  the  different 
lobes  in  the  various  convolutions  and  divifions 
they  form. 

The  arteries  which  are  diftributed  to  the  brain 

are  not  only  remarkable  for  the  minutenefs  of 

their  divifion,but  they  differ  in  theirfabric  from. 

the  exhalant  termination  of  other  arteries  in 

general.    Other  arteries  commonly  become 

more 
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more  mufcular  as  they  recede  from  the  heart, 
in  order  that  they  may  propel  the  blood  by 
the  inherent  power  they  pofTefs.  On  the  con- 
trary, the  different  arteries  which  are  dittri- 
buted  to  the  brain,  either  become  deftitute  of 
their  mufcular  coat,  or  at  leaft  it  is  generally 
fuppofed  to  be  much  weaker  than  it  is  in  other 
parts  :  thefe  arteries  are  fo  extremely  delicate 
in  their  fabric,  that  they  become  perpetually 
lacerated  and  torn  by  the  force  of  a  very  weak 
injection. 

Various  attempts  have  been  made  to  efti- 
mate  the  relative  quantity  of  blood  that  was 
diftributed  to  the  brain.  If  the  area  of  the 
aorta  be  meafured,  and  compared  to  the  united 
areas  of  the  internal  carotid  and  bafilary  ar- 
teries, the  proportion  will  be  found  to  be  as 
one  to  three  and  a  half:  although  this  mode 
of  meafurement  will  not  give  in  the  quantity 
of  blood  actually  conveyed,  it  is  in  point  for 
me  to  fay,  that  none  have ,  fuppofed  that  lefs 
than  a  tenth  part  of  the  whole  mafs  of  blood 
was  fent  to  that  organ  5  many  have  rated  it  at 
a  feventh  ;  and  others  again,  as  high  as  a  fifth 
of  the  whole. 
Mr.  John  Bell,  whofe  authority  as  an  anato- 
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rnift  muft  certainly  be  confidered  of  weighty 
eftimates  it  at  a  fifth  *. 

I  have  however,  by  the  able  afliftance  of 
Mr.  Cooper,  afcertained  with  the  greater!  pre- 
cifion  the  area  which  the  trunk  of  the  internal 
carotid  and  vertebral  arteries  bear  to  the  aorta 
defcendens  : 

Aorta  defcendens,  i  J  inch  in  diameter. 

The  two  external  carotids  |  of  an  inch. 

The  left  fubclavian  |-. 

The  right  fubclavian  I  inch. 

The  internal  carotids  f  each. 

Each  vertebral  artery  ^. 
It  would  therefore  appear,  that  the  quantity  of 
blood  conveyed  to  the  brain  is  to  the  quan- 
tity of  blood  carried  to  the  other  parts  of  the 
body,  as  13  to  36 — or  nearly  as  1  to  3. 

Of  the  Brain. 

It  will  fuffice  for  me  to  fay,  that  the  mafs  of 
matter  which  is  enveloped  by  the  membranes 
which  the  cranium  enclofes  has  received  the 

*  I  muft  refer  the  reader  for  a  very  elaborate  and  parti- 
cular account  of  the  vafcular  fyftem,  to  the  work  he  has 
lately  publifhed  upon  that  fubjecl;. 
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appellation  of  brain.  The  portion  of  the  brain 
which  occupies  the  fuperior  part  of  the  infide  of 
the  cranium,  is  called  cerebrum.  The  ex- 
ternal part  of  the  cerebrum  is  of  a  greyifti 
colour,  and  called  the  cortical  part :  the  in- 
ternal portion,  which  is  white,  is  called  the 
medullary.  The  cerebrum  is  divided  lon- 
gitudinally into  two  hemifpheres,  and  each 
hemifphere  into  three  lobes ;  the  anterior 
lobe  is  fituated  on  the  orbiter  proceffes ,  of 
the  os  frontis :  the  middle  lobe  is  placed 
in  the  middle  foffse  of  the  bafis  of  the  cra- 
nium ;  and  the  pofterior  one  refts  in  the  trank 
verfe  feptum. 

Although  the  proportion  of  blood  which 
the  brain  receives  is  vaft  and  abundant,  and 
far  greater  than  what  is  allotted  to  any  other 
part,  the  fubftance  of  the  brain  itfelf  does 
not  difplay  any  preternatural  appearance  of 
vafcularity  or  of  fanguification.  This  arifes 
from  the  infinite  minutenefs  into  which  the 
different  ramifications  divide.  Such'  indeed 
is  the  tenuity  of  thefe  veffels,  the  tranfpa- 
rency  and  exility  of  the  fluid  they  enclofe 
and  depofit,  that  they  conftantly  elude  the 
enquiries  and  refearches  of  the  anatomift. 
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Where  the  maxims  fibrillar  are  fo  fmall,  how 
exquifitely  minute  rauft  nor  the  minimae  fi- 
brillas  actually  be,  and  how  fubtle  the  fluid 
they  depofit  * ! 

It  cannot  be  other  wife  in  a  machine  which  is 
formed  with  the  moft  exquifite  fymmetry  and 
order,  in  which  there  is  confent  between  all 
the  parts,  in  order  that  harmony  may  be  the 
refult  of  the  whole.  It  is  with  a  view  to 
the  prefervation  of  this  harmony,  that  a  mu- 

*  Although  various  parts  of  the  brain  in  an  healthy  flare 
do  not  difplay  any  appearance  of  veffels,  we  frequently  find 
them  apparent  in  thofe  parts,  in  confequence  of  the  red 
particles  of  blood  that  are  forced  into  them  by  the  in- 
creafed  action  that  takes  place  during  the  progrefs  of  in- 
flammation. 

That  the  fubftance  of  the  brain  is  fupplied  with  blood 
veffels  and  with  blood,  is  proved  from  hence,  that  pus  is 
occafionally  formed  within  the  brain  itfelf.  I  remember 
to  have  differed  a  man  who  died  of  this  complaint :  he 
was  feized  at  fir  ft  with  fymptoms  of  phrenitis  ;  as  the. 
inflammatory  fymptoms'went  off,  a  perfect  hemiplegia  took 
place,  with  a  conftant  pain  in  the  left  fide  of  the  head. 
He  continued  in  this  (late  fome  time,  and  died.  On  open- 
ing his  head,  I  found  the  membrane  bearing  the  marks  of 
previous  inflammation  ;  within  the  left  lobe  of  the  brain  it- 
felf, near  an  inch  from  the  pra  mater,  a  circumfcribed  ab- 
fcefs  exifted,  containing  half  a  tea-cupfull  of  as  perfect 
pus  as  ever  I  have  feen. 
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tual  correfpondence  is  found  to  fubfifl:  in  the 
organization  of  the  parts  that  are  deftined  to 
perform  a  joint  and  co-operative  office. 

The  cerebellum  is  fituated  on  the  oofterior 
part  of  the  cavity  of  the  cranium  ;  it  has 
within  its  fubftance  different  furrows,  which 
run  nearly  parallel  to  each  other  ;  into 
which  folds  of  the  pia  mater  penetrate,  and 
upon  which  different  fine  vefiels  enter,  and 
fupply  it  with  blood.  Below  the  cerebel- 
lum, and  at  the  pofterior  part  of  the  cra- 
nium, the  medulla  oblongata  exifts :  it  is  a 
continuation  of  two  confiderable  proceffes 
which  the  cerebrum  gives  out,  called  the  cru- 
ra, and  of  two  large  proceffes  of  the  cerebel- 
lum. And  finally,  the  medulla  oblongata  ends 
in  the  medulla  fpinalis,  which  palling  through 
the  great  foramen  of  the  cranium,  occupies  the 
whole  of  that  long  canal  which  is  formed  by 
the  different  vertebrae.  The  fpinal  marrow, 
like  the  brain,  confifts  of  a  medullary  and 
of  a  cortical  part,  differing  from  it  alone  in 
the  mode  in  which  each  part  is  arranged  :  in- 
ftead  of  the  medullary  part  being  placed  with- 
out, and  the  cortical  within,  the  cortical  part 
is  placed  within,  and  the  medullary  one  with- 
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out.  The  fpinal  marrow,  in  common  with 
the  brain,  is  internally  lined  and  protected  by 
the  fame  membranes,  palling  together  through 
the  great  occipital  foramen  *. 

So  important  is  the  brain,  that  any  the  leaft 
deviation  from  its  healthy  Hate  is  always  at- 
tended with  very  deleterious  and  often  with 
fatal  effects  to  the  fyftem  at  large.  It  does 
not,  however,  appear  fo  important  either  in 
the  foetal  or  infant  ftate  as  in  the  more  ad- 
vanced periods  of  manhood  and  of  old  age. 
The  evolution  of  the  foetus  fometimes  takes 
place  without  any  brain  whatever  ;  and  I  have 
been  credibly  informed,  that  in  fome  laborious 
cafes  of  parturition,  where  the  cranium  has 
been  perforated  and  a  portion  of  the  brain 
abfolutely  evacuated,  refpiration  has  taken 
place,  and  the  infant  been  heard  to  cry  as  foon 
as  it  has  been  expelled. 

There  are  various  fubfhances  which  exift  within  the 
parts  I  have  defcribed,  called  by  particular  names,  which 
feem  to  perform  a  glandular  office,  and  others  again  that 
would  feem  to  ferve  as  refervoirs  for  the  fluid  fecreted ; 
but  as  we  are  totally  ignorant  of  the  ufe  of  every  one  of 
trjefe,  I  muft  refer  the  reader  to  different  anatomical  works, 
where  he  may  find  an  accurate  and'particular  defcription  of 
the  appearances  which  the  brain  difplays  upon  difle&ion. 

Neither; 
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Neither  does  it  appear  that  external  injuries 
inflicted  on  the  head  are  equally  dangerous  in 
their  nature  or  confequences  in  the  infant,  as 
in  the  more  adult  periods  of  life  ;  whether 
fituated  in  the  anterior  and  fuperior  parts  of 
the  head,  or  on  the  pofterior  and  inferior  ones. 
I  have  had  feveral  young  patients  under  my 
care,  where  there  has  been,  from  external 
force  impreffed  upon  the  fkull,  an  evident 
and  well-marked  fracture,  with  depreflion, 
where  no  bad  fymptoms  ever  manifefted 
themfelves,  and  where  no  other  means  were 
employed  than  evacuation  and  reft. 

The  fame  accident  happened  to  a  gentleman 
under  my  care,  where  the  os  frontis  was  frac- 
tured and  confiderably  deprelfed,  in  confe- 
quence  of  a  fall  from  his  chaife.  As  no  bad 
fymptoms  appeared,  I  merely  bled  him  freely, 
and  ufed  other  evacuations:  an  exfoliation 
took  place  of  both  laminse  of  the  bone ;  but  he 
perfectly  recovered,  and  has  continued  well 
ever  fince,  and  that  is  now  four  years  ago.  I 
mention  thefe  cafes  with  a  view  of  cautioning 
praditioners  from  the  indifcriminate  ufe  of  the 
trephine,  which  has  been  perhaps  too  ftrong- 
ly  recommended  by  Mr.  Pott,  and  from  the 

ftrength 


21  8  OF  THE  BRAIN. 

« 

ftrength  of  his  authority  too  generally  em- 
ployed. There  have  been  lately  a  number  of 
cafes  publifhed  by  Mr.  Abernethy,  the  in- 
genious pupil  of  Mr.  Pott  himfelf,  where 
iimilar  cafes  are  related,  of  perfons  who 
perfectly  recovered  without  the  trepan. 

I  have  known  a  confiderable  portion  of  the 
parietal  bone  chipped  off  by  a  ftroke  from  a 
broad-fword,  and  the  dura  mater  laid  bare, 
without  the  patient  having  fuftained  any  parti- 
cular inconvenience,  and  where  no  more  was 
done  than  merely  applying  a  fuperficial  dreff- 
ing  to  the  wound.  On  the  contrary,  I  have 
feen  the  fame  accident  happen,  where  the 
trephine  wras  employed,  although  the  man  was 
perfectly  fenfible;  but  where  the  event  termi- 
nated fatally.  . 

I  fhall  conclude  thefe  obfervations  by  re- 
lating one  of  the  mod  extraordinary  cafes  of 
recovery  perhaps  that  has  ever  occurred.  I 
witneffed  the  whole  progrefs  from  the  moment 
the  man  received  the  injury  to  the  completion 
of  the  cure  :  he  was  under  the  judicious  care 
of  my  friend  Mr.  Walters,  a  furgeon  on  the 
ftaff  in  Guernfey,  where  the  accident  hap- 
pened. 

Cafe, 
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Cafe. — James  Clark,  a  foldier  in  the  83d 
regiment  of  infantry,  whilft.he  was  at  exer- 
cife  had  his  fkull  fraftured  by  a  portion  of  the 
barrel  of  a  mulket,  which  burft  whilft  it  was 
firing  off.  The  portion  of  the  mufket  ftruck 
the  .os  frontis  immediately  over  the  left  frontal 
finus,  mattering  the  bone  in  a  very  extraordi- 
nary manner.  The  fracture  extended  oblique- 
ly through  the  inferior  part  of  the  frontal  bone 
where  it  joins  the  ofTa  nafi,  proceeding  into 
the  right  orbit  of  the  eye.  It  appeared  that 
the  falciform  procefs  was  lacerated,  becaufe 
the  finger  could  be  paffed  without  any  ob- 
ftrucliion  from  one  fide  of  the  os  frontis  to 
the  other ;  and  fuch  was  the  fountain  of 
blood  that  was  immediately  difcharged,  that  it 
was  ecpally  obvious  that  the  longitudinal 
finus  had  been  lacerated,  and  that  thehsemor- 
rhage  came  from  that  fource  alone.  The  frac- 
ture, which  was  not  only  moft  formidable 
from  its  extent,  became  even  more  terrible 
from  the  vaft  comminution  of  bone  ;  there 
were  many  fplinters  evidently  broken,  and 
prefling  on  the  left  anterior,  lobe  of  the  cere- 
brum, and  others  again  that  had  lacerated  both 
the  dura  and  pia  mater,  and  penetrated  the 

fubftance 
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fubftance  of  the  brain  itfel.f.  Such  was  the 
force  by  which  they  had  been  driven,  that  it 
was  impoffible  to  remove  them  without  firft 
taking  off  a  portion  of  the  fuperior  part  of 
the  os  frontis,  including  a  part  of  the  frontal 
finus  :  to  effect  this  purpofe,  recourfq  was  im- 
mediately had  to  the  trephine,  and  the  end  was 
attained  :  he  was  then  dreffed  fuperficially ;  and 
as  he  had  loft  a  confiderable  quantity  of  blood 
from  the  head,  it  was  not  thought  advifable  to 
take  any  from  the  arm. 

During  the  whole  of  this  interval  the  patient 
preferved  his  intellect  very  perfectly,  com- 
plaining occafionally  of  confiderable  pain  :  for 
twelve  hours  more  he  continued  correct,  and 
the  pain  of  which  he  complained  received  fome 
mitigation  from  the  effect  of  an  opiate.  The 
antiphlogiftic  plan  was  immediately  adopted 
and  purfued  :  he  then  became,  and  for  three 
days  continued  delirious,  accompanied  with  a 
confiderable  degree  of  fever.  On  the  third  day 
the  dreffings  were  removed,  and  the  wound 
examined  :  more  fplinters  were  taken  away  ;  a 
firm  hard  fubftance  was  felt  under  one  of  them, 
projecting  a  little  beyond  the  edge  of  the  frac- 
tured bone.  Upon  a  more  minute  examina- 
3  tion* 
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tion,  this  fubftance  was  found  to  be  the  extre- 
mity of  a  piece  of  iron.   Attempts  were  made 
to  extract  it  with  the  common  drefling  for- 
ceps, but  in  vain  ;  it  was  wedged  in  fo  clofely, 
that  it  was  neceffary  not  only  to  employ  the 
large  trepanning  forceps,  but  to  ufe  confider- 
able  force  in  the  extraction  before  any  im- 
preflion  could  be  made  upon  it.  A  piece  of  the 
barrel  of  the  mulket  was  at  length  extracted, 
exactly  three  inches  in  length ;  the  convex 
part  of  which  adapted  itfelf  to  the  concave 
furface  of  the  internal  portion  of  the  frontal 
bone ;  it  penetrated  obliquely  downward  and 
inward,  inclining  fomewhat  towards'  the  left 
fide.   It  is  probable,  from  the  firm  manner  in 
which  it  was  wedged,  that  it  penetrated  the 
left  alar  procefs  of  the  fphenoidal  bone.  Du- 
ring the  period  that  it  was  removing,  the  in- 
ternal furface  of  the  barrel  was  found  to  con- 
tain a  quantity  of  the  anterior  lobe  of  the  ce- 
rebrum ;  and  it  appeared  that  three  tea  fpoon- 
fulls  altogether  were  difcharged. 

The  patient  found  himfelf  much  relieved 
after  the  head  had  been  releafed  from  all  this 
extraneous  matter,  and  he  continued  with  very 
moderate  fymptoms  for  five  days  more. 

On 
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On  the  ninth  day  he  became  comatous :  he, 
however,  recovered  from  this  ftate  by  the 
operation  of  an  enema,  that  procured  feveral 
motions,  and  he  recovered  his  general  health 
foon  after  in  a  very  furprifing  degree. 

The  wound  put  on  about  this  time  a  gra- 
nulating furface.  This  however  was  not  of 
long  duration ;  for  a  very  luxuriant  fungus 
fprouted  up,  and  which  afcended  to  a  con- 
fiderable  height.  Mr.  Walters,  however,  by 
the  judicious  application  of  the  argentum 
nitratum  (no  preffure  was  employed^  de- 
flroyed  the  whole,  and  reduced  it  to  a  pro- 
per level,  and  in  about  two  months  from  the 
infliction  of  the  accident  the  man  recovered — 
he  recovered  indeed  fo  perfectly,  that  within 
a  very  few  months  (my  notes  do  not  fpecify 
the  time,  although  I  recoiled  the  fad)  he  was 
able  to  do  his  duty  as  a  good  foldier  in  the 
regiment. 

Such  was  the  violence  of  the  mock,  and  the 
injury  which  the  optic  nerves  fuftained,  that 
he  complained  of  blindnefs  for  the  four  firft 
days  :  he  loon  recovered  the  fight  of  the  left 
eye;  but  the  fradure  having  extended  within 
the  right  orbit,  the  whole  fabric  of  that  eye 

appeared 
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appeared  and  continued  inflamed  for  a  confi- 
derable  time,  and  he  beheld  objects  from  it  in 
a  manner  very  imperfect:  and  very  indiftind. 
He  however  recovered  from  this  ftate  of  im- 
perfection, and  got  perfectly  well. 

Si%e  of  the  Brain. 

The  magnitude  of  the  brain  with  refpecl:  to 
the  fize  of  the  body,  and  more  efpecially  to 
the  organs  of  fenfe  and  of  fenfation,  not  only 
varies  in  different  animals,  but  in  the  fame 
animal  at  different  periods  of  its  exiftence. 
The  head  bears  a  , marked  and  increafed  fize 
with  refpect  to  the  fyftem  at  large  ;  in  the 
foetal  ftate  more  than  in  infancy  and  youth. 

Baron  Haller,  in  a  boy  fix  years  old,  whofe 
body  weighed  fifty  pounds,  found  that  the 
brain  weighed  two  pounds  three  ounces  and  a 
half;  fo  that  it  bore  the  proportion  to  the 
whole  of  1  to  22.    In  an  adult  that  weighed 
146  lbs.  6  oz.  he  found  the  proportion  to  be  as 
•  1  to  30.    In  a  fecond,  that  weighed  140  lbs. 
his  brain  weighed  4  lbs.  fo  that  with  refpect  to 
the  body  it  was  as  1  to  35  :  and  in  a  third  man 
who  weighed  160  lbs.  the  brain  weighed  4  lbs. 
fo  that  the  proportion  was  as  1  to  35. 

Mr.  Bell  eftimates  the  proportion  as  i  to 

40. 
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40.  Thefe  are  certainly  higher  rated  than  t 
have  done,  having  ftated  that  it  was  as  1  to 
50.  The  diffe  rence,  however,  may  be  eafily  re- 
conciled, when  we  reflect  on  the  d  fferent  pe- 
riods in  which  we  may  prefume  thefe  calcu- 
lations were  made.  It  is  very  eafy  for  a  man 
to  lofe.  twenty  or  thirty  pounds  weight  of  his 
body  in  the  progrefs  of  the  difeafe  of  which 
he  died.  The  brain,  however,  does  not  fuftain 
the  fame  proportional  lofs,  as  it  (till  continues 
to  fill  the  cavity  of  the  cranium  ;  there  is  a 
fource  that  is  capable  of  producing  a  great 
variety,  and  that  is  adequate  to  reconcile  the 
difference. 

I  have  inferted  and  arranged  the  relative 
proportion  of  the  brain  of  different  animals 
with  refpecl:  to  the  fize  of  the  fyftem,  which 
Dr.  Rowley  has  collected  from  different  au- 
thors, and  which  he  has  introduced  in  the 
Schola  Medicinse  Univerfalis  Nova,  lately  pub- 
limed.  It  ought  to  have  been  accompanied  by 
an  account  of  the  fize  in  the  different  organs 
of  fenfe  and  fenfation,  and  the  relation  that  ex- 
iiled  between  them  particularly  fpecified.  It  is 
our  ignorance  in  this  refpect  that  renders  even 
our  conjectures  refpecting  thefe  organs  even 
more  problematical  than  they  would  other- 
$rife  be. 
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Animals. 

Weight  of  Body. 

Brain. 

Proport.  to  the  Body. 

 —  — 

Authors. 

ft. 

3-gr. 

ft.  5.  5.  gr. 

A  Dog 

o 

0 

0 

0 

0 

0  0 

0 

1,154  1,88 

i>54 

Arlet. 

An  Ape 

5 

9 

0 

I 

0 

0  16 

QO 

1  to 

11 

Buffon. 

A  Canary  Bird 

o 

0 

0 
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0 

0  0 

I  5 

J 

1  — 

14 

Pozzi. 

A  Sparrow     -  ~ 

• 

0 

0 
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0 

0  0 

21 

1  — 

15 

Ditto. 

A  Cock 

o 

25 

0 

0 

1  0 

O 

r  — 

2  ? 

Ditto. 

An  Ape       •  - 

5 

9 

0 

0 

0 

0  16 

OO 

1  — 

28 

Bufton. 

A  common  Moufe 

o 

0 

0 

0 

0  0 

17* 

1  ■ — . 

43 

Ditto. 

iA  Dormoufe 

o 

0 
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j 

0 

0 

0  0 

2g| 

1  — 

53 

Ditto. 

An  Afs 

198 

0 

0 

b 

0 

it  2 

4.8 

1  _ 

6c 

Ditto. 

|A  domeftic  Moufe 

0 

0 

0 

0 

0  0 

1 

76 

Ditto. 

A  Cat 

0 

76 

0 

0 

0  7 

24 

1  — 

82 

Arlet. 

A  Goat 

19 

0 

0 

0 

0  2  e 
5 

a6 

1  _ 

94 

Ditto. 

An  Ape 

5 

9 

0 

0 

0 

O  16 

00 

1   

107 

Bufton. 

A  Rabbit 

0 

44 

0 

0 

0 

A  Z 

10 

1   

140 

Arlet. 

A  Cat 

8 

0 

0 

0 

0 

0  6 

12 

1  — i 

156 

Pozzi. 

An  Eagle 

0 

0 

0 

0 

0 

0  0 

0 

1  — 

160 

Borrich. 

A  Dromedary 

369 

0 

0 

0 

1  e  0 

0 

1  — 

216 

Buffon. 

A  Hare 

0 

136 

0 

0 

0  1 

1  — 

218 

Arlet. 

A  Stag        -  ' 

161 

0 

0 

I  r  t 

I I  5 

0 

1  . 

221 

Buffon. 

A  Wolf 

64 

0 

c 

0 

0 

4  3 

4 

1   

230 

Ditto. 

A  Beaver 

30 

0 

0 

0 

0 

0  0 

0 

1   

290 

Parifini. 

A  Dog 

62 

0 

0 

c 

0  26 

0 

■ 

3°S 

Bufton. 

A  Sheep 

$7 

0 

0 

0 

0 

O  2l£ 

0 

3*4 

Ditto. 

A  Goof* 

0 

108 

0 

0 

0 

0  0 

r44 

360 

Haller. 

A  Beaver 

»7 

0 

•0 

c 

0 

0  6 

0 

r  — 

362 

Buffon. 

A  Horfe 

400 

0 

0 

0 

1 

0  0 

0 

Ditto. 

An  Elephant 

fOOO 

0 

0 

0 

10 

0  0 

0 

500 

Ditto. 

i  A  Lion 

243 

0 

0 

0 

0 

5  10 

8 

6r5 

Ditto. 

(A  Horfe 

70O 

0 

0 

c 

0 

28  0 

0 

700 

Ditto. 

<\n  Ox 

866 

0 

0 

0 

0 

0  0 

0 

866 

Ditto. 

(Ditto 

1500 

0 

0 

0 

2 

0  0 

0 

1154 
1200 

Redi. 

IGaleus  Pifcis 

2S 

0 

0 

0 

0 

0  2 

0 

Ditto. 

'Teftudo  terreftris  - 

2 

4 

0 

0 

0 

0  0 

6 

224? 
2496 
5688 
12000 

Caldefi. 

ICanisCarcharius  - 
Teftudo  Marinus  - 
ICanis  Carcharius  - 

26 

79 

30.00 

0 
0 
0 

0 

0 

0 

0 
0 
0 

0 
0 
0 

0  0 
1-6  0 
1-3  0 

0 
0 
0 

Steno. 

Ditto  &  Redi. 
Steno. 

(Tunny  Fi(h 

590 

0 

0 

0 

0 

0  r 

0 

37440 

Redi. 

VOL.  II. 


2l6       THE  BRAIN  CONSIDERED  A3 


The  Brai/i  confidered  as  a  Secretory  Organ, 

When  we  reflect  on  the  number  of  veflels 
that  are  diftributed  to  the  brain,  and  on  the 
quality  of  the  fluid  they  convey,  the  queftion 
naturally  preffes  itfelf  upon  the  mind,  why  fo 
large  a  quantity  of  blood  is  beftowed  upon 
that  organ,  and  what  is  the  ufe  for  which  it 
is  efpecially  defigned  ?  Anatomy  furnifhes  us 
with  no  means  of  folving  the  queftion  ;  ana- 
logy alone  conftitutes  the  refource  to  which 
we  can  appeal ;  analogy  teaches  us,  that  the 
blood  which  is  conveyed  by  different  veffels, 
and  depofited  from  their  open  extremities  into 
different  fecretory  organs,  is  changed  by  vir- 
tue of  the  power  which  thofe  organs  poffefs, 
and  qualities  imparted  to  it  of  which  it  was 
deftitute  before :  thus  it  is  that  we  have  the 
blood  changed  into  bile  by  the  action  of  the 
liver,  into  pancreatic  juice  by  the  power  of 
the  pancreas,  into  femen  by  the  power  of  the 
teftis.  Why  then  mould  we  deny  to  the  brain 
the  fame  office,  however  different  it  may  be 
from  them  in  the  mode  of  its  conftruction  ?  I 
think  we  are  warranted  from  analogy,  and  from 
the  neceffity  of  the  cafe  itfelf,  to  conclude,  that 

the. 


A  SECRETORY  ORGAN. 


227 


the  brain  is  a  gland,  like  thofe  I  have  men- 
tioned, poffeffing  within  itfelf  the  power  of 
feparating  from  the  fubtle  fluid  which  the  vef- 
fels  depofit,  (I  might  almoft  call  it  the  imma- 
terial fluid)  a  particular  part  from  the  whole, 
to  which  fpecial  and  fpecific  qualities  are  im- 
parted. 

To  what  portion  of  the  brain  this  pro- 
vince belongs,  is  not  for  me  to  proclaim : 
the  medium  is  too  grofs  through  which 
our  organs  muft  examine  it ;  the  powers  of 
our  organs  are  too  limited  in  themfelves,  and 
the  organization  of  the  brain  is  too  minute  for 
the  exquifite  delicacy  of  its  fabric  to'  be  af- 
certained. 

Aware,  I  prefume,  of  this  difficulty,  Pro- 
fefTor  Harwood  judicioufly  obferves,  and  with 
elegance  exprcffes,  "  that  when  we  difTecl:  the 
brain,  and  obferve  the  different  fubftances  of 
which  it  is  compofed,  and  their  different  forms  ; 
Imagination,  affuming  the  office  of  Reafon, 
would  willingly  affign  a  peculiar  ufe  to  every 
part,  and  pronounces  one  to  be  the  refidence, 
or'  rather  the  inftrument  of  memory  ;  another 
of  abftradion,  a  third  of  volition,  &c.  When 
a  fenfation  is  excited  by  the  action  of  any  fub- 

Q^2  ftance 
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ftance  upon  the  body,  we  immediately  per- 
ceive upon  what  part  of  the  body  the  fub~ 
ftance  ads,  where  the  impreffion  begins  j  and 
as  the  impreffion  is  conveyed  by  the  nerves 
to  the  brain,  it  is  conceivable,  that  we  might 
have  been  fo  conftituted  as  to  perceive  with 
the  fame  facility  in  what  part  of  the  brain  the 
impreffion  ends.  This,  however,  experience 
convinces  us,  we  are  not  able  to  determine." 

In  what  manner  the  energy  of  the  will 
is  imparted  to  the  brain,  is  a  fubject  we  mall 
not  enter  upon :  the  manner  in  which  the 
energy  of  the  brain  is  communicated  to  the 
nerves  has  had  fome  light  thrown  upon  it  by 
the  different  experiments  of  Galvi,  Galvani, 
Dr.  Fowler  and  others.  Thefe  experiments 
lead  us  to  believe,  that  the  nerves  contain  a 
fubtle  fluid,  fomewhat  fimilar  to  the  ele&ric 
fluid,  and  that  it  is  the  mean  through  which 
the  various  impulfes  are  conveyed  from  the 
brain  to  the  different  parts  of  the  fyftem,  and 
back  again  from  the  different  parts  of  the 
fyftem  to  the  brain. 

The  difcovery  was  made  by  Galvani,  Pro- 
feffor  of  Anatomy  at  Bologna,  by  mere  acci- 
dent :  if  it  had  been  by  defign,  and  if  any 

merit 
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merit  could  have  attached  to  him  for  fcienti- 
fically  inyeftigating  a  fubject,  any  difcovery 
that  he  might  have  made  would  have  been 
darkened  and  difgraced  by  the  mode  he  adopt- 
ed. This  man,  it  feems,  had  hooked  a  num- 
ber of  poor  frogs  by  the  back  bone  to  the  iron 
pallifadoes  of  his  houfe,  and  he  was  much 
furprifed  to  fee  the  different  mufcles  of  thefe 
poor  animals  thrown  into  different  contrac- 
tions :  he  found  alfo,  that  he  could  produce 
the  fame  effect  by  applying  different  metals  at 
the  fame  time  to  different  parts  of  the  fame 
animal. 

It  appears  very  probable,  that  it  is  this  fubtle 
fluid  which  has  been  received  by  the  act  of 
infpiration  (and  which  afterwards  forms  one 
of  the  conftituent  parts  of  the  blood)  which 
the  brain  feparates  from  the  reft ;  that  it  is 
this  fubftance  that  conftitutes  the  fubjedf.  mat- 
ter by  which  the  fentient  principle  is  received, 
and  in  which  it  is  made  to  abide.  It  is  through 
this  fubftance  which  the  nerves  contain,  that 
irritability  is  imparted  to  the  mufcular  fibre, 
conveying  fenfation   and  motion  to  every 
part  of  the  fyftem.    In  fome  experiments  that 
I  have  feen  performed  upon  a  frog,  by  ftrip- 

0^3  Ping 
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ping  the  fciatic  nerve,  and  coating  the  extre- 
mity  of  it  with  a  piece  of  tin  foil,  and  hold- 
ing the  animal  by  the  other  limb  ;  as  foon  as 
a  filver  probe  was  applied  lb  as  to  form  a  cir- 
cuit between  the  fciatic  nerve,  coated  by  the 
tin  foil,  and  the  other  extremity  of  the  nerve 
refiding  in  the  toe,  the  whole  limb  was 
thrown  into  convulfions :  thefe  convulfions 
however  progreflively  diminimed,  and  ceafed 
altogether  in  proportion  as  the  metal  was  re-, 
peatedly  applied.  The  celfation  of  thefe  mo- 
tions appeared  to  me  to  proceed  from  the 
fluid  having  been  totally  conducted  away  from 
the  nerve  by  the  metal,  fo  that,  the  caufe  (the 
fluid)  through  which  the  irritability  was  im- 
parted being  exhaufted,  a  perfect  paralyfis  en-> 
fued  *. 

Of 

*  It  rauft  not  however  be  fuppofed  that  this  fluid, 
whether  it  be  the  ele&ric  fluid  or  caloric,  which  I  think 
more  probable,  when  it  exifts  in  the  blood  or  in  the 
nerves  of  a  living  animal,  exifts  in  the  fame  form  as  it 
does  in  a  common  ftate  :  either  of  thefe  different  fub- 
ftances  are  prevented  from  exerting  their  own  fenfible  or 
chemical  properties  on  the  living  fyftem,by  the  aflimilat- 
ing  power  of  the  organ  through  which  they  are  received  : 
although  they  may  exift  in  a  fenfible  form  out  of  the 

fyftem, 
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Of  the  Nerves, 

However  ignorant  we  may  be  as  to  the 
particular  parts  which  are  efpecially  deftined 
to  receive  the  immediate  energy  of  the  will, 
the  fact  is  notwithstanding  undeniable,  that 
it  is  fome  portion  of  the  brain  to  which 
this  office  is  allotted ;  that  the  nerves  are  the 
agents  through  which  it  is  conveyed  to  the 
mufcles;  and  that  the  mufcles  themfelves  are 
the  inftruments  by  which  that  energy  is  dis- 
played. 

That  this  is  the  fact  is  proved  directly  by 
the  power  we  poflefs  of  moving  particular 
parts  according  to  the  dictates  of  the  will  ; 
and  that  the  nerves  are  the  agents  through 
which  thofe  dictates  are  conveyed,  appears 
equally  evident ;  for,  if  a  nerve  which  goes  to 

Tyftem,  the  inftant  they  have  been  aflimilated  by  the  fyf- 
tem,  their  fenftble  properties  become  latent.  They  how- 
ever recover  their  fenfible  properties,  and  lofe  their  latent, 
when  the  living  power  of  the  animal  becomes  weakened 
and  exhaufted  :  it  is  then  we  fee  thefe  various  phenomena 
produced,  but  which  could  not  be  produced  without  lse- 
fion  or  violence.  It  is  this  fubftance  which  appears  to  be 
given  as  an  excretory  fubftance  by  the  torpedo,  by  the 
gymnotus  electricus,  and  other  animals  of  the  fame  clafs. 

Qjf  a  vo- 
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a  voluntary  part  be  tied  or  cut  off,  that  mufcle 
becomes  in  a  paralytic  ftate,  and  ceafes  to  be 
under  any  voluntary  controul. 

Although  the  energy  of  the  will  is  effect 
tually  abolifhed  in  that  part,  the  fenftbility,  or 
its  inherent  power  of  irritability  and  of  fpon- 
taneous  motion,  continues  in  an  unabated  der 
gree.  This  power  of  fpontaneous  motion 
frequently  continues  in  particular  mufcles  for 
feveral  days,  after  they  have  been  completely- 
leparated  from  every  communication  with  the 
brain,  or  torn  out  from  the  fyftem  itfelf,  of 
which  they  formed  a  part.  Hence  feems  to 
arife  the  apparent  neceffity  of  making  a  divU 
fion  of  the  nerves,  into  thofe  fubfervient  to. 
fenfation  independent  of  volition,  and  of 
mufcles  that  are  moved  by  the  energy  of  the 
will,  from  thofe  that  act  independently  of  its 
controul. 

Of  the  Nerves  of  Senfe. 

It  appears  to  me1  that  the  nerves  of  fenfe 
and  of  fenfation  as  they  have  been  called, 
poflefs  powers  and  perform  an  office  totally 
oppofite  and  diftincl:  from  the  nerves  which 
are  diftributed  to  voluntary  parts.  The  for- 
mer 
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pier  have  their  origin  from  without,  and  ter- 
minate in  the  brain  within ;  the  latter  arife 
from  the  brain  within,  and  terminate  in  the 
parts  without.  The  one  are  the  immediate 
recipients  of  things  external  to  the  fyftem  ;  the 
others  are  the  agents  that  convey  from  the 
brain  within  the  energy  of  its  will.  And 
finally,  the  nerves  of  fenfe  are  excited  by  pow- 
ers npt  only  totally  different  from  the  nerves 
of  voluptary  motion ;  but  the  mind,  by  the 
power  through  which  the  nerves  of  volition  are 
excited,  has  Uttle  or  no  influence  on  the  nerves 
of  fenfe.  The  mind  cannot  prevent  the  im- 
preflion  of  different  fubftances  acting  upon  the 
fentient  nerves  :  of  the  guftatory  nerves,  from 
feeling  the  imprefiion  of  fapid  bodies ;  the  ol- 
factory nerves,  the  flavour  of  volatile  gafes  ; 
the  optic  nerves,  the  images  conveyed  by  the  re- 
flected rays  of  light;  the  auditory  nerves,  from 
feeling  the  founds  excited  by  the  vibration  of 
fonorous  bodies ;  or,  finally,  the  extremity  of 
the  fentient  nerves  that  arife  from  the  whole 
furface  of  the  Cutis,  from  feeling  the  impreffion 
infli&ed  by  ftripes.  No  effort  of  the  brain,  I 
fay,  can  choke  up  thefe  avenues,  and  prevent 
the  nerves  from   receiving  the  impreffions 

when 
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when  they  are  made.  Thefe  organs  of  fenfe 
and  fenfation  are  the  proper  media  through 
which  the  impreffions  they  receive  are  trans- 
mitted to  the  brain,  as  the  immediate  organ 
in  which  confeioufnefs  reiides. 

What  is  the  peculiarity  in  the  conftru&ion 
of  the  extremity  of  thefe  nerves,  by  which 
they  are  fufceptible  of  receiving  impreffions 
fo  various  and  difcordant,  it  is  impoffible  for 
us  to  ftate  :  their  fubftance  is  firm  and  inelaf- 
tic,  and  plentifully  fupplied  with  blood  ;  thefe 
nerves  appear  to  abound  more  in  thofe  parts 
of  the  fyftem  that  are  efpecially  deftined  to 
fulfil  the  final  caufe  of  animal  exiftence,  more 
in  the  lip  than  in  the  face,  more  in  the  nip- 
ples than  in  the  breafts,  more  in  the  fexual  and 
generating  organs  in  particular  than  in  the 
neighbouring  parts  in  general. 

Of  the  Means  by  which  the  Nerves  of  Senfe  arc 

protected. 

The  external  arrangement  of  the  organs  of 
fenfe  bears  the  fame  relation  to  the  fentient 
nerves  thefe  organs  contain,  as  the  mouth  and 
teeth  do  to  the  ftomach  and  lungs:  the  air  receiv- 
ed by  the  lungs  is  regulated  in  its  temperature  1 

by 
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by  the  mouth  and  trachea,  as  the  proper  media 
through  which  it  is  to  pafs.  The  food  which 
the  ftomach  receives  is  fir  ft  prepared  by  mafti- 
cation  and  the  addition  of  faliva ;  in  like  man- 
ner the  external  fabric  of  the  organs  of  fenfe 
fits  the  impreffion  which  it  receives  from 
without  to  the  nature  of  the  nerve  within  ;  it 
modifies  and  accommodates  the  fenfible  proper- 
ties of  external  objects,  by  means  of  which  they 
become  in  harmony  with  the  internal  parts. 
And  finally,  it  is  owing  to  the  different  media 
through  which  the  impreffing  caufe  is  to  pafs, 
that  the  ultimate  changes  are  produced  upon 
it ;  and  that  it  becomes  afhmilated  as  it  were 
to  the  nature  of  the  nerve  upon  which  it  is 
defigned  to  act.  It  is  therefore  neceffary  to 
give  a  curfory  account  of  the  different  me- 
dia which  are  allotted  to  perform  thefe  parti- 
cular purpofes. 

The  nerves  of  fenfation  that  are  diftributed 
on  the  furface  of  the  fkin  are  protected  by  the 
cuticle,  and  a  febaceous  matter  called  rete  mu- 
cofum ;  the  olfactory  nerves,  by  the  mucus 
which  fmears  over  the  internal  furface  of 
the  nofe,  and  the  parts  in  general  on  which 
the  nerve  is  diftributed  :  the  auditory  nerve  is 

pro- 
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protected  by  the  external  ear,  by  the  cerous 
matter  with  which  the  tympanum  is  covexed, 
by  the  tympanum  itfelf,  and  the  whole  com- 
plicated fabric  of  the  internal  ear.    The  optic 
nerve  is  protected  by  the  vitreous  humour 
(improperly  fo  called),  a  fluid  of  a  moft  won- 
derfully lucid  nature.    This  vitreous  humour 
is  contained  in  a  tunic  which  divides  it  into 
different  cells,  like  the  parenchyma  of  an 
orange.    The  vitreous  humour  is  protected 
by  the  cryftalline  lens,  a  fubftance  more  folid 
and  denfe.    The  lens  itfelf  is  protected  by  the 
aqueous  humour,  a  gelatinous  but  tranfparent 
fluid,  which  occupies  the  whole  fpace  between 
the  lens  and  tranfparent  cornea ;  and  finally, 
the  whole  is  prefervedand  protected  externally 
by  the  cornea,  a  membrane  of  confiderable 
ftrength  and  refifting  power. 

Mr.  Hunter  fuppofed,  "  that  the  cryftal-r 
line  lens  was  compofed  of  a  fubftance  of  a  lami- 
nated nature ;  that  the  different  laminae  ap- 
peared formed  of  different  fibres,  which  he 
thought  were  of  a  mufcular  ftrudure,  with  a 
view  of  adjufting  the  eye  by  their  contraction 
and  relaxation  to  different  diftances."  Unfortu- 
nately for  phyfiological  fcience,  Mr.  Hunter 

died 
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died  before  he  could  bring  to  a  conclufion  the 
different  experiments  which  he  had  defigned : 
thefubjecthas  however  been  profecuted  with 
great  ability  by  his  brother-in-law  Mr.  Home, 
affifted  by  the  very  ingenious  Mr.  Ramfden. 
Mr.  Ramfden  does  not  immediately  agree  with 
Mr.  Hunter :  he  fays,  "  that  the  cryftalline 
humour  does  confift  of  a  fubftance  of  different 
denfities,  the  central  parts  being  the  mod  com- 
pact, and  from  thence  diminifhing  in  denfity 
gradually  in  every  direction ;  approaching  the 
vitreous  humour  on  one  fide  and  the  aqueous 
humour  on  the  other,  its  refractive  power  be- 
comes nearly  the  fame  with  that  of  the  other 
two  contiguous  fubftances : — that  fome  phi- 
lofophers  have  ftated  the  ufe  of  the  cryftalline 
humour  to  be  for  accommodating  the  eye  to 
fee  objects  at  different  diftances  ;  but  the  firm- 
nefs  of  the  central  part,  and  the  very  fmall  dif- 
ference between  its  refractive  power  near  the 
circumference,  and  that  of  the  vitreous  or 
the  aqueous  humour,  feemed  to  render  it  unfit 
for  that  purpofe  ;  its  principal  ufe  rather  ap- 
pearing to  be  for  correcting  the  aberration 
anting  from  the  fpherical  figure  of  the  cornea, 
where  the  principal  part  of  the  refraction  takes 
place." 

Various 
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Various  experiments  were  made  upon  a 
man  in  St.  George's  Hofpital,  who  was 
couched  :  from  whence  it  appears  that  the  eye 
has  the  power  of  adjulting  itfelf  to  different 
diftances  when  deprived  of  the  cryftalline  lens  ; 
and  therefore  that  the  fibrous  and  laminated 
texture  of  that  lens  is  not  intended  to  alter  its 
form,  but  to  prevent  reflection  in  the  paffage 
of  the  rays  through  the  furfaces  or  media  of 
different  denfities,  and  to  correct  fphcrical 
aberration. 

The  power  therefore  which  the  eye  pof- 
feffes  of  adjufting  itfelf,  as  it  does,  to  different 
diftances,  does  not  proceed  from  any  a&ion  in 
the  lens  :  the  power  feems  to  arife  from  the 
four  recti  mufcles,  whofe  action  feems  to  be 
immediately  under  the  controul  of  the  will. 

J 

The  effect  of  their  action  does  not  feem  to 
produce  any  change  in  the  form  of  the  globe 
of  the  eye ;  it  feems  to  arife  from  the  alter- 
ation which  the  curve  of  the  cornea  under- 
goes, varying  the  refraction  of  the  rays,  and 
altering  thereby  the  focus  of  the  eye. 

The  cornea  on  examination  appears  par- 
ticularly fufceptible  of  undergoing  this  altera-  ' 
tion  by  virtue  of  the  elafticity  it  is  found  to 
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poflefs.    One  end  of  it  was  made  faft,  by  fix* 
ing  the  fclerotic  coat,  and  a  force  was  applied 
to  the  other.  The  power  employed  was  capable 
of  elongating  the  cornea  -Tq  part  of  an  inch, 
and  on  removing  the  force,  the  cornea  reco- 
vered itfelf  to  its  original  length  :  in  different 
trials  it  varied  in  the  quantity  of  elongation, 
but  in  all  of  them  it  was  fully  TrT  part  of  the 
whole  length  or  diameter  of  the  cornea  ;  and 
it  further  appeared,  that  the  central  part  yield- 
ed more  readily  to  the  power  applied  than  the 
edges.    The  cornea  does  not  feem  to  be  of  an 
uniform  thicknefs  ;  it  is  thicker  in  the  centre 
than  in  its  circumference,  and  the  difference 
feems  principally  to  arife  from  the  fahric  of 
the  external  lamina  ;  for,  when  it  is  removed, 
the  parts  below  feem  perfectly  and  uniformly 
fmooth  :  that  the  cornea  is  of  a  laminated  tex-. 
tare,  Mr.  Home  difcovered  in  differing  the 
mufcles  to  their  termination*. 

The  external  fabric  of  the  organ  is  the  me- 
dium between  the  external  object  and  the 
nerve  by  which  the  impreflion  is  to  be  re- 
ceived, as  the  nerve  itfelf  by  which  the  im- 

*  Vide  FirftPart  of  Philof.  Tranf.  for  the  Year  1795.  . 
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preflion  is  received,  is  the  medium  between 
the  brain,  in  which  the  impreflion  is  depofitcd, 
and  the  intelligent  principle  in  which  confci- 
oufnefs  eflentially  re  fides. 

An  Aptitude  in  the  Impr effing  Caufe  necejfary. 

For  fit  impreflions  therefore  to  be  receiv- 
ed, it  is  necefiary  that  the  principle  of  life 
fliould  have  properly  evolved  the  different 
organs,  not  only  of  fenfe  but  of  confcioufnefs 
alfo.  When  the  external  impreflion  is  ftronger 
than  the  external  fabric  of  the  organs  can 
accommodate  and  fit,  before  it  arrives  at 
the  nerve  by  which  it  is  received  ;  inftead  of 
being  aflimilated,  if  I  may  fo  fay,  by  the  me- 
dia that  are  deftined  to  perform  this  office, 
and  through  which  the  impreflion  is  to  pafs, 
it  deranges  the  fabric  of  the  whole — the  im- 
preflion, inftead  of  being  amicably  received 
in  the  part,  produces  confufion  altogether; 
pain  and  difeafe  are  the  confequences  that 
enfue. 

This  is  the  effect  that  takes  place  when  the 
eye  is  expofed  to  too  fudden  and  too  ftrong 
a  light ;  the  ear  to  too  ftrong  a  found ;  and 
the  olfactory  fenfe  to  volatile   bodies  too 

powerful 
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powerful  in  their  operation  ;  and  the  body  it- 
felf  to  blows  beyond  its  power  of  refiftance. 
On  the  contrary,  if  the  impreffion  is  too  weak, 
it  is  loft  in  the  medium  through  which  it  is 

1 

to  pafs,  before  it  can  arrive  at  the  nerve  by 
which  it  is  to  be  received  as  its  proper  reci- 
pient ;  either  an  imperfect  impreffion,  or  a 
total  privation  of  it,  is  produced. 

For  a  proper  impreffion  therefore  to  be  re- 
ceived, it  is  neceflary  that  the  impreffing  caufe 
(the  external  fubftance)  Ihould  be  fuch  a  one 
as  the  nature  of  the  organ  demands,  and  of 
appropriate  power  for  the  external  fabric  of  the 
organs  to  accommodate  and  affimilate.  When 
thefe  circumftances  concur,  the  impreffing 
caufe  is  then  received  by  the  nerve  in  a  becom- 
ing and  adapted  manner :  each  organ  there- 
fore requires  particular  objects  by  which  it  can 
be  excited  :  rays  of  light  for  the  eye ;  the 
vibratory  motion  of  the  air  for  the  ear  ;  fapid 
bodies  in  a  liquid  ftate  for  the  tongue ;  vo- 
latile bodies  for  the  olfactory  fenfe.  The 
impreffions  thefe  refpective  bodies  communi- 
cate through  the  organs  to  the  nerves  by 
which  they  are  received,  muft  correfpond 
to  the  nature  of  each  ;  otherwife  the  effect 
vol.  11.  R  produced 
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produced  is  illufory  and  void.  For  example, 
it  is  the  province  of  the  eye  to  receive  impref- 
fions  from  the  rays  of  light,  but  not  from  vola- 
tile bodies  in  general ;  of  the  ear,  to  receive 
impreflions  from  the  vibratory  motions  of 
the  air,  but  not  from  denfe  bodies ;  of  the 
guftatory  fenfe,  to  receive  impreflions  from 
fluid,  and  not -from  folic!  and  infolubie  fub- 
ftances. 

Each  organ  therefore  can  only  have  a  par- 
tial knowledge  of  any  one  fubjecl:,  fince  that 
knowledge  cannot  furpafs  the  limits  of  its  or- 
ganization, to  the  nature  of  which  the  impref- 
fing  caufe  muft  be  accommodated :  it  is  there- 
fore on  the  principle  of  life  that  organization 
depends  as  its  caufe  ;  but  it  is  by  the  efTential 
and  fpecific  powers  which  thefe  nerves  pof- 
fefs,  that  external  impreflions  are  received,  and 
fenfation  in  general  is  produced. 

It  is  not  the  nerves  of  fenfe  alone  that  ap- 
pear to  be  feparated  and  removed  from  the 
immediate  power  of  the  brain,  but  thofe  in 
general  by  which  the  thoracic  and  abdominal 
vifcera  are  fupplied  :  the  mind  cannot  com- 
mand the  heart  to  flop,  the  ftomach  to  digeft, 
the  periftaltic  motion  of  the  inteftmes  to  ceafe, 

&c. 
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&c.  &c.  I  have  frequently  feen  the  periftal- 
tic  motion  of  the  inteftines  continue  in  dif- 
ferent animals  after  complete  diflocation  of  the 
Cervical  vertebras,  and  even  after  decapitation 
itfelf.  In  turtles  and  in  frogs  I  have  known 
the  heart  to  contract,  not  only  after  the  ani- 
mal had  loft  its  head,  but  after  the  heart  itfelf 
had  been  completely  feparated  from  its  refi- 
dence  in  the  fyftem  :  and  I  have  feen  ducks 
fly  and  run  for  a  confiderable  time  after  the 
head  had  been  cut  off. 

The  nerves  with  which  thefe  vifcera  are 
fupplied  have  a  peculiarity  in  their  ftru&ure, 
very  different  from  thofe  that  are  fubfervient 
to  the  immediate  energy  of  the  will.  This 
ftructure  confifts  in  a  number  of  fmall  bodies, 
of  a  hard  knotty  appearance,  called  gangli- 
ons. Thefe  ganglions  are  very  varied  in  their 
ftructure  ;  fome  are  like  knots,  others  like 
knobs ;  fome  of  an  oblong  form,  and  others 
again  of  a  femi-lunar  appearance.  They  are 
difperfed  with  conGderable  uniformity  in  par- 
ticular parts :  they  abound  in  thofe  nerves 
which  are  diftributed  to  organs  which  are  ef- 
pecially  removed  from  the  influence  of  the 
will — as  the  pancreas  and  fpleen — the  heart — ■ 
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ftomach  and  inteftines,  &c.  Sec.  &c.  On  the 
contrary,  there  are  none  in  thofe  nerves  which 
are  diftributed  to  mufcles  of  voluntary  mo- 
tion, or  even  to  parts  very  remote  from  the 
brain  or  organ  of  confeioufnefs — none  in  the 
extremities,  &c.  &;c. 

Dr.  Johnfton,  of  Worcefter,  has  the  merit 
of  being  the  firft,  I  believe,  who  has  advanced 
a  very  probable  idea  with  refpeft  to  their  ufe. 
He  conceives  "  that  they  are  the  inftruments 
by  which  the  motions  of  the  heart  and  intef- 
tines are  from  the  earlieft  period  of  life  ren- 
dered uniformly  involuntary  ;  and  that  this  is 
their  ufe,  which  they  fubferve  by  a  ftructure 
indeed  unknown  to  us  (yet  evidently  different 
from  that  which  ufually  obtains  in  nerves),  no 
lefs  than  that  of  the  brain,  though  it  feems  not 
improbable  the  firft  may  have  fome  analogy 
to  the  iaft  *."  And  he  finally  concludes, "  that 
as  the  great  fympathetic  nerves  are  truly  de- 
rived from  the  fpinal  marrow,  which  have  in 
the  numerous  ganglions  proper  to  them  fo 
many  receptacles  of  nervous  energy,  fo  many 
fubordinate  brains,  which  continue  to  difpenfe 
the  nervous  energy  to  the  vital  organs  long  after 

i 
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they  ceafe  to  have  communicated  with  the 
brain  j  and  fupport  the  irritability  of  the  heart, 
which  makes  it  fo  long  fenfible  to  the  ftimulus 
of  the  blood  flowing  into  its  auricles  and  ven- 
tricles, after  the  reft  of  the  machine  is  in  fact 
dead.  But  as  the  whole  nervous  fyftem  derives 
its  energy  from,  and  ultimately  depends  upon 
the  brain  and  cerebellum;  thefe  fubordinate 
fources  of  nervous  energy  being  at  length  ex- 
haufted,  without  the  poffibility  of  a  new  af- 
flux from  the  brain,  the  vital  organs  at  length 
ceafe  to  move  *. " 

Such  is  the  ignorance  which  we  all  poflefs 
with  refpect  to  nervous  energy,  that  I  beg,  to 
have  it  underftood,  that  what  I  have  faid  has 
arifen  from  reflection  on  the  fubject,  with  as 
much  attention  as  I  was  capable,  but  that  I  am 
very  far  from  thinking  it  conclufive,  or  void  of 
objection.  I  mail  therefore  feel  very  happy 
to  modify  my  opinion,  if  new  facts  mould 
arife  to  prove  it  an  erroneous  one.  I  hope  I 
{hall  not  be  guilty  of  arrogance,  if  I  throw  out 
a  conjecture  with  refpect  to  the  ufe  of  gang- 
lions different  from  any  that  have,  I  believe, 
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been  entertained,  When  a  man  examines  a  fub- 
ject  up  anddovvn,  and  Tideways,  fome  new  idea 
will  generally  turn  up.  Is  it  not  poffible  that 
ganglions  may  be  defigned  to  arreit  the  im- 
preffions  which  the  nerves  of  fenfe  receive 
from  without,  and  to  prevent  thofe  impref- 
fions  from  being  communicated  too  fuddenly 
to  the  brain,  and  too  fuddenly  impreffed  up- 
on it  *  ?  Is  it  not  poffible  that  they  may  har- 
monize and  aflimilate  as  it  were  the  external 
impreflions,  in  the  fame  manner  as  we  pre- 
fume  the  lymphatic  glands  aflimilate  the  fluids 
which  the  lymphatic  veflels  abforb  ?  Is  it  not 
poffible  that  the  fpinal  marrow  itfelf  may  con- 
flitute  the  ultimate  medium  through  which. 

*  The  fublingual  nerves  alone,  which  are  diftributed  up- 
on the  tongue,  and  are  the  immediate  organs  in  which  the 
fenfe  of  tafte  refides,  are  fupplied  with  ganglions  :  fuch 
however  is  the  extent  and  varied  appetite  of  this  organ, 
that  there  fcarcely  exift  any  bounds  to  its  wants :  in 
man,  it  feems  more  extenfively  diftufed  than  in  other 
animals  in  general.  The  nervous  papillae  arife  from  the 
whole  furface  of  the  tongue ;  they  are  externally  pro- 
tected by  the  mucus  only,  which  is  fecreted  from  feveral 
glands  ;  but  internally  by  the  power  which  it  is  probable 
the  ganglions  poflefs  of  arrelting  and  affimilating  the 
force  of  the  imprelhon. 
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thefe  impreffions,  after  having  been  perfected, 
are  communicated  and  conveyed  to  the  brain, 
as  the  immediate  feat  in  which  confcioufnefs 
refides  ? 

That  the  human  fpecies  pofTeffes  a  fenfibi- 
lity  to  receive  impreffions  in  a  more  exalted 
degree  than  animals  in  general,  is  not  only 
evident  from  the  fad  itfelf,  but  from  the  te- 
nuity of  the  protecting  media,  which  the 
nerves  receive  from  the  rete  mucofum  and 
cuticle.    It  does  not  however  appear  that  the 
particular  organs  of  fenfe  preferve  the  fame 
pre-eminence  ;  for  it  cannot  be  queftioned  but 
that  animals  in  general,  and  the  lower  order 
in  particular,  poffefs  organs  of  fenfe  better 
conftru&ed  for  the  reception  of  extended  im- 
preffions, fo  that  they  become  more  generally 
diffufed  upon  the  nerves  by  which  thofe  impref- 
fions are  received  ;  and  that  the  nerve  itfelf  is 
comparatively  larger  with  refped  to  the  fize 
of  the  brain,  where  the  impreffion  is  depofited, 
than  what  it  is  in  the  human  fpecies. 

The  h  uman  fpecies,  as  I  have  faid  before,  is 
deftined  to  lead  a  contemplative,  rather  than  a 
fenfuai  exiftence.  Whilft  man  pofTeffes  in 
common  with  other  animals  organs  of  fenfe, 
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through  which  he  receives  impreflions  from 
without,  and  obtains  a  knowledge  of  external 
objects  ;  it  is  the  energy  of  mind  in  par- 
ticular, in  contemplation  and  abftra&ion,  by 
which  the  excellence  and  power  of  man  are 
efpecially  diftinguifhed  and  characterifed.  The 
fhft  knowledge  he  acquires  is  received  from 
without  through  the  organs  of  fenfe;  and  with- 
out thofe  avenues,  by  which  the  mind  is  con- 
ftantly  fupplied  with  frefh  materials,  it  would 
frequently  fink  into  a  ftate  of  torpor  and  obli- 
vion. The  fpark  therefore  comes  from  without, 
but  the  flame  refides  within.  It  is  fet  in  mo- 
tion by  external  means  ;  but  it  is  by  the  in- 
herent powers  of  mind  exerted  and  infinitely 
varied,  that  man  is  capable  of  acquiring  a  di- 
verfity  of  knowledge  by  progreffive  means,  and 
of  difplaying  that  knowledge  in  the  works 
of  art,  by  means  of  the  various  mulcles  with 
which  he  is  fupplied. 

It  were  foreign  from  my  purpofe  to  trace  the 
nerves  that  are  immediately  deftined  to  con- 
vey the  energy  of  the  will  to  the  different  vo- 
luntary mufcles  by  which  that  energy  is  to  be 
dilplayed.    Although  the  will  cannot  prevent 

the  optic  nerve  from  being  impreffed  by  the 
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folar  rays  when  it  is  expofed  to  them,  it  is 
able  by  means  of  the  mufcles  under  its  con- 
troul  to  modify  thofe  rays,  fo  as  either  to  con- 
tract or  enlarge  the  fphere  of  their  operation  ; 
or  to  exclude  them  altogether,  by  covering 
the  globe  of  the  eye.  The  will  has  the  fame 
power,  although  in  a  lefs  degree,  over 
the  auditory  and  olfactory  fenfes.  By  the 
power  of  the  will,  the  voluntary  mufcles  that 
are  diftributed  to  the  external  ear,  may  be  ex- 
cited fo  that  the  vibratory  motion  of  the  air 
may  either  be  conveyed  and  directed  to  the 
tympanum,  or  their  influence  may  in  fome 
meafure  be  avoided.  By  the  power  of  the  will, 
the  noftrils  are  enlarged  or  contracted,  and 
volatile  bodies  are  either  fnorted  up,  excluded, 
or  expelled  ;  and  it  is  highly  probable  that,  by 
the  energy  of  the  will,  mufcles  fituated  near 
the  furface  of  the  body  have  the  power  of 
putting  the  Ikin  in  fuch  a  fituation,  that  the 
extremity  of  the  fentient  nerves  becomes  bet- 
ter fitted  to  receive  impreffions  from  without, 
when  the  mind  is  particularly  intent  on  objects 
of  fenfe  *. 

The 

*  This  power  is  particularly  obvious  in  quadrupeds  ;  they 

have 
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The  nerves  that  go  to  voluntary  mufcles 
are  altogether  deftitutc  of  the  ganglions  I 
have  defcribed :  they  have  frequent  commu- 
nication with  each  other  by  what  anatomifts 
call  nervous  plexus.  A  nervous  plexus  feems 
deftined  to  enlarge  and  extend  the  fphcre 
of  fenfation  as  well  as  the  power  of  voli- 
tion. It  is  by  means  of  this  communica- 
tion, that  when  an  impreflion  is  produced  in 
one  part,  it  is  communicated  and  felt  in  parts 
remote  from  it ;  fo  that  fympathy  takes  place 
in  different  parts,  which  are  made  to  act  at  one 
and  at  the  fame  time,  by  one  caufe  acting 
upon  one  part  alone.  It  is  the  energy  of 
the  will  putting  the  different  voluntary  mufcles 
in  action,  by  which  the  different  works  of  art 
are  performed. 

On  MufcuLv  'Mo  tlo  n . 

The  mufcles  of  the  human  fpecies,  how- 
ever weaker  they  may  be  than  thofe  of  very 
many  other  animals,  are  certainly  more  nu- 
merous and  more  complicated  in  their  fa- 
have  a  thin  mufcle  called  panniculus  carnofus,  which  is 
fituated  on  the  external  furface  of  the  flrin,  by  the  action 
of  which  the  hair  becomes  immediately  ere&ed. 
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brie ;  by  means  of  which  man  poffefies  in  a 
more  eminent  degree  than  any  other  being, 
the  power  of  executing  whatever  the  inge- 
nuity of  his  mind  may  conceive.  It  is  as 
means  fubfervient  to  this  ule  that  he  is  endowed 
with  fingers  of  confiderable  length,  tipped  and 
terminated  by  nails,  in  order  that  he  maypof- 
fefs  the  power  of  grafping  objects  of  different 
degrees  of  magnitude,  from  the  raoft  folid  to 
the  moft  tenuous  and  fubtle.  By  exercife 
thefe  mufcles  generally  improve  both  in 
ftrength  and  ability,  acquiring  by  habit  the 
faculty  of  performing  different  fpecies  of  work 
with  facility  and  expedition. 

It  is  by  exercife  that  ladies,  from  the  deli- 
cacy of.  their  fingers,  are  able  to  excel  in  the 
finer  fpecies  of  needle-work,  and  to  give  their 
delicate  touches  to '  mufical  inftruments.  It 
is  by  exercife  that  our  artifts  and  manufac- 
turers bring  their  various  works  to  a  flare 
of  perfection,  and  the  mufcles  acquire  the 
habit  of  performing  the  fame  adions  for  a 
confiderable  time  without  much  additional 
fatigue. 

If  any  one  doubts  the  faculty  which  the 
mufcles  pofTefs   of  accommodating  them- 
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felves  to  the  controul  of  the  will,  I  would 
recommend  him  to  trace  the  alteration  which 
they  fuftain,  when  the  ruftic  is  taken  from 
the  plough,  and  made  to  undergo  one  month's 
difcipline  in  St.  James's  Park  by  a  corporal 
of  the  guards. 

It  is  by  exercife  that  men  become  dexterous 
pugilifts  and  alert  pedeftrians  ;  and  it  is  worthy 
of  notice,  that  Sir  George  Staunton,  in  the 
hiftory  which  he  has  lately  publiftied  of  the 
embaffy  to  China,  mentions  that  the  Chinefe 
have  acquired  fuch  perfection  in  the  motion 
of  their  toes,  that  they  play  at  (huttlecock  with 
them  with  as  much  ability  as  Europeans  by 
the  afliftance  of  the  battledore. 

The  number  and  extent  of  our  toes,  and 
the  different  mufcles  by  which  they  are  moved, 
might  perhaps  lead  one  to  doubt  whether  they 
are  not  deftined  to  anfwer  fome  other  office 
than  that  of  adding  grace  and  (lability  to  our 
frame.  It  mull  however  be  remarked,  that 
in  confequence  of  the  biped  nature  of  man 
fuch  a  provifion  becomes  neceflary ;  for  al- 
though hoofed  quadrupeds  may  be  confidered 
as  having  one  toe  only  as  the  termination  of 
each  foot,  the  (lability  which  they  acquire  from, 

the 
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the  four  legs  by  which  the  body  is  fupported, 
renders  unneceffary  a  furface  as  widely  ex- 
tended as  our  own.  There  are  fome  mufcles 
that  have  the  power  of  ading  during  the 
whole  period  of  man's  exiftence,  without  ei- 
ther fufFering  any  degree  of  apparent  weak- 
nefs,  or  imparting  to  the  mind  any  fenfation 
of  uneafinefs ;  fuch  as  the  heart  and  arteries, 
the  diaphragm  and  other  mufcles,  whofe  ar- 
teries feem  to  be  remote  from  the  influence  of 
the  mind.  On  the  contrary,  the  different  muf- 
cles that  are  immediately  under  the  controul 
of  the  will,  have  their  powers  more  limited 
and  confined :  if  they  are  kept  in  a  ftate  of 
action  for  a  considerable  time,  or  exerted  be- 
yond their  power  for  a  fhort  time,  vveaknefs 
in  them  diredly  enfues,  and  produces  the  fen- 
fation of  fatigue,  accompanied  by  an  inability 
to  move.  It  is  by  the  energy  of  the  brain 
conveyed  through  the  medium  of  the  nerves, 
and  difplayed  by  the  different  voluntary  muf- 
cles with  which  the  fyftem  is  fo  abundantly 
fupplied — it  is  efpecially  by  the  energy  of  the 
mind  itfelf  in  the  ad  of  meditation  and  of 
abflradion,  that  the  ftrength  and  power  of  the 

animated 
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animated  fyftem  become  perpetually  weakened 
and  exhaufted,  and  verge  to  dhTolution  and 
decay. 

From  the  exceflive  languor  and  debility 
which  is  produced  by  intenfe  thought,  inde- 
pendent of  mufcular  exertion,  and  from  the 
want  of  renovation  and  fupply  which  the 
fyftem  in  confequence  feels  and  demands,  I 
am  convinced  that  the  blood  undergoes  a 
greater  degree  of  deterioration  by  the  fpecific 
a&ion  of  the  brain  in  a  fhort  time,  than  what  it 
iuftains  by  mufcular  motion  long  continued ; 
and  that  the  philofopher  in  his  clofet  con- 
fumes  and  expends  more  of  the  vitality  which 
his  frame  contains,  than  the  mechanic  who 
Is  employed  in  executing  work  of  the  molt 
laborious  kind. 

In  every  cafe,  it  is  owing  to  the  various  ac- 
tions which  thefe  different  organs  perform, 
that  the  fyftem  becomes  fo  much  weakened 
and  exhaufted,  that  a  fupply  of  food  is  ren- 
dered conftantly  neceffary,  in  order  that  the 
blood  may  be  renovated  from  the  lofs  it  fuf- 
tains :  we  may  judge  in  fome  degree  the  de- 
terioration which  it  fuffers  in  quality,  from 

the 
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the  neceflity  that  fubfifts  of  frequent  infpira- 
tions,  by  means  of  which,  it  becomes  melio- 
rated and  renewed.  It  is  this  wafte  which  is 
produced  in  the  blood  of  the  anxious  and 
penfive  lover,  miffing  after  the  fond  object  of 
his  defire,  that  makes  it  neceffary  for  him  to 
fob  and  figh  to  prevent  fuffocation.  It  is 
from  the  fame  lofs,  occafioned  by  different 
means,  that  the  hunter  and  the  pugilift  are 
obliged  to  infpire  very  frequently,  in  order 
that  the  blood  may  be  preferved  in  a  fit  and 
healthy  ftate. 

That  the  exertion  of  this  intellective  and 
voluntary  power  has  this  debilitating  effect 
upon  the  blood,  by  which  a  conftant  melio- 
ration is  rendered  neceffary,  is  further  proved 
from  the  mode  of  fubfiflence  which  we  be- 
hold in  different  animals,  and  the  different 
means  they  feverally  poffefs  by  which  this  me- 
lioration may  be  effected. 

A  large  portion  of  the  lower  clafs  of  ani- 
mals, when  they  are  employed  in  attaining  the 
final  caufe  of  their  exiftence,  feel  the  fame 
wants,  and  are  as  indigent  of  food  as  the  human 
fpecies  itfelf.  On  the  contrary,  after  their  final 
caufe  has  been  fulfilled,  their  voluntary  powers 

become 
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become  weakened  and  fufpended ;  their  or- 
gans of  refpiration  and  of  digeftion  are  tor- 
pid and  dormant,  fo  that  the  animal  fubfifts  in 
that  ftate  for  a  confiderable  time,  deftitute  of 
any  food  whatever.  And  we  may  in  general 
conclude,  that  in  proportion  to  the  magnitude 
of  the  brain,  with  relation  to  the  organs  of 
fenfe,  or  nerves  of  fenfation,  the  neceffity  ex- 
ifts  for  large  refpiratory  organs  :  and  on  the 
contrary,  in  proportion  to  the  magnitude  of 
the  organs  of  fenfe  and  nerves  of  fenfation  to 
the  fmallnefs  of  the  brain,  organs  of  refpira- 
tion comparatively  fmall  become  adequate  to 
the  end :  in  every  cafe  the  organs  of  re- 
novation being  fufficient  to  anfwer  the  wafte 
occafioned  by  the  organs  of  fenfation  and  re- 
flexion. The  fmall  degree  of  intellectual  or 
voluntary  energy  which  the  amphibia  or  fifties 
difplay,  makes  it  unneceflary  for  their  fyf- 
tem  to  pofiefs  organs  of  infpiration  equal  to 
thofe  which  the  higher  order  contain.  "Where 
the  deterioration  of  the  blood  is  fmall,  the 
organs  of  purification  need  not  be  great. 
On  the  contrary,  when  the  deterioration  is 
great,  the  organs  of  purification  muft  not  be 
Jfmall  5  otherwtfe  the  fyftem  would  perifti  and 

decay 
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decay  In  the  very  effort  of  attaining  the  end 
for  which  it  was  created. 

The  higher  order  of  animals,  therefore,  have 
large  lungs  with  fmall  cells;  by  means  of 
which  conftruc"t.ion,  the  area  of  their  furface  is 
confiderably  increafed,  and  more  widely  ex- 
tended, fo  that  they  evidently  poffefs  a  greater 
power  of  acting  upon  a  larger  quantity  of  air. 
On  the  contrary,  the  amphibia  have  lungs  with 
large  cells,  fo  that  the  area  of  their  furface  is 
confequently  greatly  diminiihed,  and  the  quan- 
tity of  air  they  confume  is  comparatively  very 
fmall.  It  is  owing  to  the  fmall  degree  of  wafte 
which  the  fyftem  of  fiih  fuftains  from  the  im- 
perfect rational  power  it  pofleffes,  that  gills 
(branchise)  are  adequate  to  the  tafk  of  purifying 
their  blood,  by  feparating  from  water,  the  air 
alone  which  it  contains*. 

"When  we  reflect  on  the  conftant  neceflity 
that  fubfifts  for  taking  in  air  by  infpiration, 

*  It  is,  as  I  have  faid  before,  owing  to  the  fmall  de- 
gree of  wafte  which  the  fcetus  in  utero  fuftains,  in  con- 
fequence  of  being  deftitute  of  any  intellective  and  per- 
haps voluntary  energy,  that  refpiration  becomes  unne- 
celTary,  and  that  the  power  of  the  placenta  is  alone  ade- 
quate to  fupply  it  with  blood  fit  for  the  condition  in 
which  it  fubfifts. 

vol.  ii.  S  fifteen 
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fifteen  or  twenty  times  in  one  minute,  for  the 
purpofe  of  preferving  the  fyftem  in  a  healthy 
ftate ;  and  when  we  confider  that  the  total 
fufpenfion  of  all  vital  action  enfues,  if  this 
procefs  be  fufpended  for  a  few,  very  few 
minutes  ;  we  mail  at  once  be  led  to  conclude, 
that  the  melioration  of  the  blood  in  point  of 
quality,  from  the  lungs,  is  even  of  more  im- 
portance than  the  fupply  it  receives  in  point 
of  quantity  from  the  ftomach.  In  many  cafes 
we  have  known  persons  living  for  a  consider- 
able time  upon  the  fmalleft  poflible  quantity  of 
food  introduced  into  the  ftomach :  the  mod 
notable  instances  of  this  kind,  perhaps,  that 
have  ever  happened,  were  experienced  by 
Captains  Inglefield  and  Bligh,  and  by  their 
fellow  fufferers.  Thefe  are,  however,  extra- 
ordinary cafes,  and  which  never  happen  with- 
out derangement  or  destruction  to  the  fyftem. 

Before  I  proceed  to  point  out  the  particular 
means  by  which  the  blood  is  renovated  from 
the  lofs  it  fuftains  in  point  of  quantity,  by  the 
different  functions  which  animals  perform,  I 
fhall  fhew  the  manner  how  they  have  been 
clafled  and  arranged,  in  order  that  our  know- 
ledge of  them  may  be  better  underftood,  their 

com- 
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complicated  nature  fimplified,  fo  that  order  and 
fymmetry  may  arife  out  of  chaos  and  confu- 
fion. 


CHAP.  VI. 

ON    THE   LINN^EAN    CLASSIFICATION    OP  THE 
ANIMAL  KINGDOM. 

The  whole  animal  kingdom  divided  by  Linnteus  into  ftx 
clajfes. — Clafs  I,  Mammalia.  1.  Aves,  Birds. — 3.  Am- 
phibia.— 4.  PifceSy  Fijhes. — 5.  Infecla,  In/eels. — 6.  Ver- 
mes.—  Char  afters  of  each,  &c.  fcsV. 

It  were  an  object  of  the  greateft  utility,  if 
we  were  able  to  reduce  the  multitude  of  ani- 
mals with  which  our  fyftem  abounds,  into  dif- 
ferent claffes  and  orders,  fo  that  the  prefent  in- 
tricacy of  the  fubject  might  be  facilitated  : 
various  attempts  have  been  made  with  that 
view,  from  the  time  of  the  great  ftagyrite 
(Ariftotle)  to  the  prefent  day  by  Mr.  Pen- 
nant.   It  would  however  feem,  that  objec- 

S  tions 
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objections  may  be  made  to  all,  and  that  the 
Linnsean  fyftem,  however  defective  and  per- 
haps erroneous  it  may  be  in  fpme  parts,  is  the 
leaft  imperfect  of  the  whole.  In  the  firft 
volume  of  his  Syftema  Nature,  after  taking 
a  philofophical  view  of  the  fubject  in  general, 
Linnsus  proceeds  to  the  claflical  characters 
from  the  internal  ftructure  of  animals.  By 
this  natural  divifion,  all  the  animal  kingdom 
divides  itfelf  into  fix  claffes  as  follow  *  : 
Animals  with  the  heart  furnifhed  with 

Two  ventricles  and    "j  Viviparous.  Mammalia. 

auricles :  r 
Blood  warm  and  red.   J  Oviparous.  Birds. 

One  ventricle  and     "1  Refpiration     f  A  hibia. 
auricle:  J     voluntary.    (.  r 

Blood  cold  and  red.       Breathing  by  gills.  Fifties. 

One  ventricle  without.  AntcnnatecL  Infecls. 
auricle : 

Sanies,  cold  and  co-  > TentacuIated.  Worms. 
lourleis. 

To  this  account  of  the  internal  ftru&ure, 
the  author  adds  all  the  differences  arifing  from 
the  lungs  or  other  organs  of  refpiration,  from 
the' maxillae,  jaws  or  mandibles,  organs  of 

*  I  have  taken  the  analyfisof  the  Linnaean  fyftem  from 
Dr.  Kentifh's  Oration  on  the  Method  of  Studying  Natu- 
ral Philofophy. 

generation 
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generation  or  fenfation;  the  teguments,  or 
outward  covering,  and  the  fulcra,  or  legs, 
wings,  &c.  At  the  head  of  each  clafs  is  given 
a  concife  defcription  of  the  claffical  character, 
including  an  explanation  of  the  terms  belong- 
ing to  the  clafs.  We  have  likewife  a  general 
enumeration  of  the  belt  authors  on  each ;  a 
part  of  the  work  exceedingly  ufeful  to  (lu- 
dents,  and  from  which  we  ihall  occafionally 
borrow,  in  our  view  of  the  method  of  ftudy- 
ing  this  part  of  the  creation. 

CLASS  I.  Mammalia. 

Comprehends  all  thofe  animals  which  we 
call  quadrupeds,  (except  the  lizard  genus,  or 
reptiles  pedati,  as  they  are  called)  and  like- 
wife  the  cetaceous  order,  or  whales,  cachalots, 
and  porpufles  *.  Several  authors  have  dif- 
fented  from  this  arrangement  of  whales  with 

*  Objections  have  been  made  to  the  introduction  of 
whales  into  the  clafs  of  mammalia.  It  however  appears  to 
be  very  correct :  they  have  lungs,  a  heart  with  four  cavi- 
ties, fexual  organs,  and  indulge  in  fexual  intercourfe  like 
quadrupeds  :  they  are  viviparous,  and  after  parturition 
the  mother  fuckles  her  young  by  means  of  teats,  as  per- 
fectly as  an  Alderney  cow.  Author. 

S  3  quadrupeds, 
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quadrupeds,  and  the  author  had  feparated  them 
in  the  firft  edition  of  his  Syftema  Naturae ; 
but  upon  reflection  he  thought  himfelf  juitified 
in  fuch  a  clarification.  The  linking  parti- 
culars in  which  they  differ  from  fifties,  as  the 
ftru<3:ure  of  the  heart,  having  lungs  for  refpi- 
ration,  moveable  eye-lids,  being  viviparous, 
and  furnifhed  with  teats,  all  incline  him  to  re- 
fer them  to  this  clafs.  The  fingle  circumftance 
of  living  in  the  fame  element  is  therefore 
overlooked. 

The  mammalia  are  divided  into  feven  or- 
ders, which  are  principally  taken  from  the 
difference  in  the  number,  fituation,  and  form  of 
the  three  kinds  of  teeth  with  which  animals  are 
endued,  viz.  the  primores  or  mci/bres,  called  the 
fore-teeth  or  cutting-teeth;  the  laniarii  or 
caning  dog  teeth,  canine,  or  lacerating  teeth ; 
and  the  molares,  grinders,  or  double  teeth. 
Our  author  likewife  takes  into  confideration 
the  feet,  as  will  appear  from  the  following 
view  of  the  orders. 

I.  Digitated. 

Fore  teeth,  four.  Canine 

fingle,  -  Primates.  I. 

Fore 
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Fore  teeth,  none  Bruta.  2. 

Fore  teeth,  6,  2,  10  conical. 

Canine  {ingle        -         Ferse.  3, 
Fore  teeth,    two.  Canine 

none         -  -       Glires.  4. 

« 

II.  Hoofed. 

1 

No  fore  teeth  above  -  Pecora.  5. 
Fore  teeth  above  and  below    Belluae.  6. 

III.    Deftitute  of  Hoofs  or  ClawsP 

Teeth,  various  in  the  differ- 
ent genera  -  Cete.  7. 
We  fhall  here  detail  the  characters  as  they 
(land  at  the  head  of  each  order. 

I.  Primates.  Animals  furnifhed  with  fore 
teeth,  or  cutting  teeth  :  four  above  ;  parallel. 
Two  pectoral  teats. 

II.  Bruta.    No  fore  teeth. 

III.  Ferae.  Six  {harp  fore  teeth  in  the 
upper  jaw.    One  canine  tooth  on  each  fide. 

IV.  Glires.  Two  fore  teeth  in  each  jaw, 
clofe  together ;  but  remote  from  the  grinders. 
No  canine  teeth. 

V.  Pecora.  No  fore  teeth  in  the  upper 
jaw  ;  fix  or  eight  in  the  lower  jaw  very  re- 

S  4  mote 
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mote  from  the  grinders.  Hoofed  feet;  in- 
guinal teats. 

VI.  Bellua.  Fore  teeth  truncated.  Hoof- 
ed feet. 

VII.  Cete.  Breathing  apertures  on  the 
head.  Pectoral  fins.  Tail  placed  horizon- 
tally.   No  claws. 

Many  objections  have  been  made  to  this 
fyftem  of  clarification.  It  is  faid  to  be  arbi- 
trary and  unnatural.  Animals  are  claffed  to- 
gether whofe  figure  and  habits  are  diftinctly 
different.  It  is  therefore  alleged  that  the 
method  is  imperfect ;  and  the  fact  may  be  ad- 
mitted without  any  detraction  from  its  real  me- 
rits. For  although  the  pride  and  affumed  con- 
fequence  of  man  may  be  offended  when  he 
beholds  himfelf  ranked  with  the  brute  crea- 
tion, and  finds  that  even  the  internal  ftnic- 
ture  of  fuch  a  hideous  monfter  as  the  bat  re- 
fembles  the  real  formation  of  his  frame ;  yet 
on  minute  enquiry  he  will  have  caufe  to  ad- 
mire the  fimplicity  and  magnitude  of  that  fyf- 
tem which  fliews  him  his  real  ftation,  and 
makes  him  acquainted  with  the  wondrous  ex- 
tent of  his  own  empire.  Linnaeus  has  placed 
man  at  the  head  of  the  Primates,  and  given 

him 
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him  the  Grecian  dictate,  "  Know  thyfelf,"  as 
his  motto.  By  a  concife  and  elegant  comment 
he  endeavours  to  fhew,  that  however  near  his 
alliance  to  the  mere  animal,  yet  by  the  culture 
of  his  faculties  it  is  in  his  power  to  prove  him- 
felf  an  intelligent  and  moral  being. 

The  nature  of  our  plan  will  not  allow  us  to 
enter  into  a  detail  of  the  genera  or  fpecies ; 
we  fhall  therefore  continue  our  view  of  the 
fyftem,  by  an  examination  of  the  orders  of  the 
remaining  clafTes. 

CLASS  II.    Aves.  Birds. 

Linnseus  has  divided  thefe  into  fix  orders, 
the  diftinctions  of  which  are  chiefly  taken  from 
the  beak ;  but  it  has  been  necerTary  in  fome 
genera  to  take  in  the  tongue,  nares,  or  nof- 
trils,  and  likewife  the  feet,  and  other  parts. 

I.  Accipitres.  Rapacious.  Birds  having 
the  upper  mandible  of  the  beak  furnifhed  on 
each  fide  with  an  angular  procefs. 

II.  Picas.  Pies.  Birds  having  the  beak 
rather  comprefled  on  the  fides,  and  convex  on 
the  upper  part. 

III.  Anferes.  Web-footed.  Thefe  have 
a  beak  fomewhat  obtufe,  and  covered  with  a 

thin 
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thin  fkin  ;  at  the  bafe  underneath  gibbous, 
and  wide  at  the  end  j  the  faux,  or  edges  of 
the  bafe,  denticulated ;  the  feet  palmated,  or 
webbed,  and  formed  for  fwimming. 

IV.  Grallas.  Waders.  Thefe  have  the 
beak  fubcylindrical,  and  fomewhat  obtufe  ;  the 
tongue  entire,  and  flefhy ;  the  thighs  naked 
for  fome  fpace  above  the  knees, 

V.  Gallinas,  Gallinaceous.  Birds  hav- 
ing the  upper  mandible  convex,  or  arched, 
and  receiving  the  edges  of  the  lower  noftrils, 
half  covered  by  means  of  a  convex  mem- 
brane, rather  cartilaginous ;  the  rectrices,  or 
tail  feathers,  more  than  twelve ;  the  feet 
cloven,  but  the  toes  connected  by  a  membrane 
as  far  as  the  firft  joint. 

VI.  Palferes.  ParTerine.  Thefe  have  a 
conical  acuminated  beak;  the  noftrils  ovated, 
open,  and  naked, 

CLASS  III.  Amphibia. 

All  the  animals  of  this  clafs  have  not  the 
power  of  living  either  in  air  or  water ;  but 
they  have  the  fingular  property  of  fufpending 
the  function  of  refpiration,  and  can  perform  it 
in  a  more  arbitrary  manner  than  other  animals. 

This 
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This  clafs  is  divided  into  four  orders  : 

I.  Reptiles  pedati.  Reptiles.  AmphU 
bious  animals,  which  breathe  through  the 
mouth  by  lungs  only ;  they  are  furnifhed  with 
four  feet. 

II.  Serpentes  apodes.  Serpents.  Amphi^ 
bious  animals,  breathing  through  the  mouth 
by  means  of  lungs  only.  They  are  deftitute 
of  feet,  fins,  and  ears. 

IIL  Meantes.  Gliders.  Thefe  animals 
breathe  by  means  of  gills  and  lungs,  and  are 
furnifhed  with  arms  and  claws. 

IV.  Nantes  pinnati.  Breathing  fiflies. 
Thefe  refpire  arbitrarily  by  means  of  gills 
and  lungs.  The  rays  of  the  fins  are  cartila- 
ginous. 

CLASS  IV.    Pisces.  Fishes. 

In  the  flrft  edition  of  the  Syftema  Natune, 
Linnaeus  followed  the  method  of  his  friend 
Artedi,  whofe  Ichthyology  was  publifhed  in 
1738,  in  Holland.  This  method  was  efta- 
blifhed  on  the  ftructure  or  fituation  of  the 
tails  in  the  cetaceous  order,  and  on  the  differ? 
ence  in  the  gills,  and  rays  of  the  fins  in  the 
pther  orders,  whether  cartilaginous  or  bony ; 
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but  (as  we  have  already  feen)  the  cetaceous 
order  is  now  placed  among  the  mammalia, 
and  the  nantes  pinnati  referred  to  the  amphi- 
bia. In  the  two  laft  editions  our  author  forms 
four  orders  of  the  bony  fifties  (which  refpire 
by  means  of  gills  only),  and  thefe  he  has 
taken  from  the  fituation  or  abfence  of  the 
ventral  fins.  He  compares  thefe  to  the  feet 
of  other  animals,  and  their  fituation  is  denoted 
with  reference  to  the  pectoral  fins.  The  or- 
ders are, 

I.  Apodes.  Fifties  deftitute  of  ventral  fins. 

II.  Jugulares.  Thofe  which  have  the 
ventral  fins  placed  before  the  pectoral. 

III.  Thoracici.  Fifties  having  the  ven- 
tral fins  placed  underneath  the  pectoral  fins. 

IV.  Abdominales.  Thefe  have  the  ventral 
fins  placed  behind  the  pectoral,  on  the  abdo- 
men. Some  authors,  as  Artedi  and  Gronovius, 
have  attempted  to  diftinguifti  the  fpecies  by 
the  number  of  (he  rays  in  the  fins  ;  but  the 
variation  is  too  great  to  eftablifh  a  fufficient 
character.  The  fpecific  characters  are  there- 
fore, at  prefent,  taken  from  a  variety  of  par- 
ticulars, as  the  number  of  rays  in  the  fins,  the 

form  of  the  tail,  the  cirrhi,  or  beard  at  the 

mouth, 
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mouth,  the  length  of  the  jaw,  and  the  fpots 
and  lines  on  the  body,  &c» 

CLASS  V.    Insecta.  Insects. 

A  great  number  of  authors  appeared  before 
Linn3:us  on  this  fubject ;  but  he  was  confef- 
fedly  the  firft  who  determined  the  genera  of 
infects,  and  afiigned  them  their  proper  charac- 
ters. He  has  arranged  them  under  feven  or- 
ders : 

I.  Coleoptera,  Infects  having  the  wings 
covered  with  two  cruftaceous  cafes,  divided  by 
a  longitudinal  future. 

II.  Hemiptera.  Half-winged  infects,  which 
have  the  fhells  or  cafes  femi-cruftaceous,  not 
divided  by  a  ftraight  future,  but  incumbent 
on  each  other  in  the  margin.  The  beak  is 
curved  inwards. 

II I.  Lepidoptera.  Thefe  have  four  wings 
imbricated,  or  clothed  with  fine  fcales  or  fea- 
thers ;  tongue  fpiral,  and  coiled  up ;  body 
hairy. 

IV.  Neuroptera.  Infe&s  with  four  naked 
tranfparent,  or  reticulated  wings ;  the  tail  in 
moft  kinds  without  a  fling. 

V.  Hymenoptera,  Thefe  have  four  mem- 

branaceous 
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branaceous  wings,  except  fome  few  fpecies, 
which  are  deftitute  of  wings.  The  females 
have  the  tail  armed  with  a  fting. 

VI.  Diptera.  Infe&s  with  two  wings, 
having  alfo  a  balance  or  club  behind  each 
wing. 

VII.  Aptera.  Infects  without  wings  in 
either  fex. 

In  ftudying  this,  as  in  every  other  part  of 
zoology,  it  is  necelfary  to  acquire  a  certain 
number  of  terms,  without  which  no  real  pro- 
ficiency can  be  made  in  the  fcience.  The  ge- 
nera of  this  clafs  are  charadterifeu  from  certain 
parts  of  the  animals,  fome  of  which  have 
technical  names,  as  the  antennae  or  feelers; 
elytra,  or  outward  cafes  ;  roftra,  or  mouth,  &c. 
The  head,  thorax,  tail,  and  other  parts,  are 
likewife  occafionally  ufed  to  affift  in  forming 
the  character.  The  fpecies  of  each  of  the 
orders  are  very  numerous. 

CLASS  VI.  Vermes. 

We  are  now  arrived  at  the  laft  clafs  in  the 
fyftem  of  nature,  which  we  are  to  confider  as 
divided  by  our  author  into  five  orders.  Lin- 
naeus has  followed  the  method  of  Peyfonel, 

Juflieu, 
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Juffieu,  and  others,  by  introducing  the  coral 
and  corallines  into  the  animal  kingdom,  under 
the  names  of  lithdphyta  and  zoophyta.  We 
fhall  likewife  find  the  ftudy  of  a  very  fplendid 
part  of  natural  hiftory  prefenting  itfelf  to  our 
view,  in  the  examination  of  the  orders  of  this 
clafs.  Conchology,  or  the  ftudy  of  (hells,  has 
long  attracted  the  attention  of  naturalifts ;  and 
difputes  have  arifen  refpecling  the  proper  me- 
thod of  ftudy ing  the  fubjed:.  The  fhells 
themfelves,  as  mere  coverings,  or  parts  of  liv- 
ing animals,  cannot  certainly  demand  our  pri- 
mary attention  in  a  fyftem  of  zoology.  The 
animals  as  one  whole  fall  under  our  confidera- 
tion,  and  accordingly  Linnseus  has  made  con- 
chology a  branch  of  zoology,  and  not  of  mi- 
neralogy. 

The  characters  of  the  orders  of  this  clafs 
are  very  various. 

I.  Inteftina.  Animals  fimple,  naked,  def- 
titute  of  limbs. 

II.  Mollufca.  Animals  fimple,  naked, 
not  included  in  a  fhell,  but  furniftied  with 
limbs. 

III.  Teftacea.  Thefe  are  generally  of  the 
foregoing  order,  but  included  in  a  (hell. 

This 


272       LINNJEAN  CLASSIFICATION 


This  order  comprehends  the  whole  tribe  of 
fhells,  confiding  of  thirty-fix  genera,  and 
above  eight  hundred  fpecies,  difpofed  accord- 
ing to  a  new  method.  The  three  firft  genera 
are  called  multivalves ;  the  next  fourteen  bi- 
valves; and  the  remainder  univalves. 

IV.  Lythophyta.  Thefe  animals  are  com- 
pofite.  They  are  affixed  to,  and  fabricate  a 
fixed  calcareous  bafe,  known  by  the  name  of 
coral. 

V.  Zoophyta.  Thefe  are  likewife  called 
compofite  animals,  and  faid  to  refemble  a 
flower,  and  to  fpring  from  a  vegetating  ftem. 

Obfervations  are  yet  wanting  to  afcertain  the 
two  laft  orders  with  precifion.  It  is  confef- 
fedly  a  matter  of  the  greateft  difficulty  to  draw 
the  line  of  feparation  between  the  three  king-  1 
doms.  The  gradations  of  organized  bodies  are 
fuch  as  obftruct  precife  definition.  Animals 
may  exift  whofe  principle  of  life  refides  in  a 
ftructure  of  parts  refembling  the  organization 
of  vegetables,  as  is  faid  to  happen  in  the  order 
Zoophyta ;  and  it  is  not  impoffible  to  conceive 
that  the  real  living  parts  of  an  animal  may 
prefent  themfelves  to  our  view  in  a  form  re- 
fembling that  of  a  vegetable ;  but  it  is  hardly 

poffible 
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poffible  to  imagine,  nay,  it  is  diflbnant  to  rea- 
fon,  to  affirm,  that  the  principle  of  life  can 
exift  in  unorganized  matter. 

The  polype  is  evidently  an  animal  bearing  no 
refemblance  to  a  plant ;  and  probably  future 
attention  and  experience  to  this  order  may  in- 
form us,  that  all  the  animals  hitherto  known 
under  the  name  of  zoophytes,  are  properly 
referable  to  fome  other  clafs  or  order.  The 
whole  order  confifts,  according  to  Linnseus,  of 
fourteen  genera,  of  which  nine  are  fixed,  and 
the  reft  locomotive  ;  amongft  the  former  are 
reckoned  the  ifis,  or  red  coral,  fea  fan,  alcy- 
onium,  fponge,  corallines,  &c.  Among  the 
latter  the  polype,  fea  pens,  taenia,  furia,  and 
the  microfcopical  animalcula.  This  view  of 
the  genera  will  be  fufficient  to  mew  the  great 
defect  of  the  order  itfelf.  For  the  greater  part 
of  the  microfcopical  animalcula,  or  animalcules 
des  infufions,  as  they  are  called,  have  been 
mewn  by  tfie  Abbe  Spallanzani,  and  others, 
to  be  diftinft  animals,  not  always  of  the  clafs 
of  vermes.>  Some,  indeed,  have  a  very  fingu- 
lar  appearance ;  but  I  believe  none  of  them 
are  zoophytes.  In  the  fame  manner  objections 
may  be  made  to  the  order  of  lithophyta. 

vol.  ii.  T  *  Thefe 
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Thefe  animals  have  been  fuppofed  to  conned 
the  animal  and  mineral  kingdoms ;  and  it 
muft  be  confefled,  that  they  appear  the  laft 
link  in  the  chain  of  organized  matter :  but  it 
appears  to  me,  that  naturalifts  have  taken  a 
fuperficial  view  of  the  matter  of  fact,  and  de- 
fcribed  as  lithophytes,  fubftances  which  are  in 
reality  nothing  more  than  the  nefts  of  real 
animals. 

The  genera  of 'this  order  are  four:  the 
tubiporae,  or  red  tubular  coral ;  madrepores, 
or  brain  ftonesj  millepores,  and  cellepores. 
In  each  of  thefe  kinds  we  obferve  certain 
pores  or  cells,  apparently  the  receptacles  or 
habitations  of  diftinct  animals.  The  affem- 
blajre  which  we  view  is  not  therefore  to  be 
coniidered  as  an  animal,  but  rather  as  the 
fabrication  of  many  animals,  in  the  fame  man- 
ner as  a  fhell  is  the  work  of  a  fingle  animal. 
The  coral,  in  my  opinion,  properly  fpeaking, 
is  no  more  a  lithophyte  than  any  of  the  fpecies 
in  the  order  teftaCea.  It  muft,  however,  be 
confefled,  that  this-  fubject  is  at  prefent  invol- 
ved in  great  obfcurity. 

But  to  return  :  the  generical  diftin&ions  of 
the  clafs  of  vermes  are  taken  from  a  variety  of 

'particulars 
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particulars  which  deferve  our  attention.  In 
the  inteftina  the  genera  are  chara&erized  al- 
moft  folely  from  the  diverfity  of  the  body  of 
the  animal.  In  the  mollufca,  from  the  body 
and  feelers,  called  tentacula,  and  from  other 
parts. 

In  the  teftacea,  the  included  animal,  the 
general  differences  among  the  {hells  them- 
felves,  and  principally  the  cardo,  or  hinge  in 
the  bivalves,  together  with  the  aperture  in  the 
univalves,  furnifh  the  general  character. 

In  the  lithophyta  the  inhabitant  animal  is 
confidered  with  the  form  of  the  coral  itfelf :  a 
proof  of  Linnaeus' s  opinion  of  the  real  nature 
of  thefe  animals.  He  confiders  the  whole  as  the 
fabrications  of  different  animals,  and  not  as  one 
whole  animal  itfelf.  Have  fubfequent  natural- 
ifts  entertained  the  fame  ideas  ? 

In  the  zoophtya  again  the  animal  and  the 
different  forms  of  its  fabrications  lay  a  founda- 
tion for  the  generic  notes. 


T  %  CHAP. 
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CHAP.  VII. 

ON  THE  DIFFERENT  SPECIES  OF  ALIMENT  THAT 
ARE  EMPLOYED  BY  DIFFERENT  ANIMATED 
SYSTEMS. 

The  afprnilatirg  organs  of  different  fyjlems  examined — of  her- 
bivorous and  carnivorous  animals  in  general,  with  relation 
'  to  their  food)  and  that  of  the  human  fpecies  in  particular — > 
the  food  mojl  congenial  to  man  pointed  out,  &c.  &c. 

By  taking  a  general  review  of  the  different 
modes  of  fubfiftence  in  different  orders  of  ani- 
mated beings,  we  mail  find  that  they  are  natu- 
rally led  to  felect.  particular  fpecies  of  food  as 
means  of  fupport,  and  that  it  is  for  the  moft 
part  obtained  either  from  the  animal  or  veget- 
able kingdom  ;  water  alone  feeming  to  confti- 
tute  the  principal  exception.  It  is  from  this 
natural  propenfity  which  animals  poffefs,  that 
clarifications  have  been  fometimes  made  of  ani- 
mals into  herbivorous  and  graminivorous,  into 
carnivorous  and  omnivorous.  It  would  how- 
ever appear  that  there  is  a  great  and  finking 
difference  in  the  degree  of  aptitude  to  be  digeft- 

ed 
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ed,  which  the  different  articles  of  food  fever- 
ally  poflefs  ;  fo  that  a  neceffity  feems  to  exift 
that  an  additional  provifion  mould  be  formed, 
by  means  of  which,  the  food  that  poffefles  the 
leaft  aptitude  to  be  aflimilated,  mould  be  def- 
tined  for  the  nourimment  of  the  fyftems, 
where  the  affimilating  organs  are  moft  exten- 
five.  It  would  therefore  appear  to  be  with  a 
view  to  this  end,  that  the  affimilating  organs 
of  herbivorous  animals  in  general  are  found 
more  complicated  in  their  ftrudture,  than  thofe 
of  carnivorous  in  particular. 

Of  the  Affimilating  Organs  of  Herbivorous 
Animals,  as  the  Cow,  &c. 

The  food  which  herbivorous  animals  receive, 
after  having  been  torn  by  the  action  of  the 
incifores  teeth,  paffes  through  the  oefophagus 
into  a  large  bag,  or  paunch,  which  appears  by 
the  mode  of  its  ftruc~ture  to  be  very  different- 
ly organized.  The  half  which  firft  receives 
the  food  is  covered  over  by  a  thick  cuticle ; 
the  other  half  is  deftitute  of  this  covering, 
but  is  lined  over  by  a  mucous  membrane, 
which  fecretes  a  large  quantity  of  mucous 
matter.  After  the  nutriment  has  been  fome 
time  in  this  organ,  a  ball  of  food  afcends  out 
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of  it  and  returns  back  into  the  mouth,  where 
it  undergoes  a  further  procefs  of  maftication 
(chewing  the  cud,  as  it  is  called)  :  it  then  paf- 
ies  through  the  medium  of  the  cefophagus,  by 
the  power  of  which  it  is  forced  into  the  fecond 
or  reticulated  ftomach,  in  fabric  refembling  a 
honeycomb.  After  the  food  has  been  there 
fome  time,  it  pafles  into  the  third  ftomach. 
This  is  internally  of  a  laminated  ftructure,  like 
the  valvular  conniventes  of  the  human  fpecies, 
or  the  inner  fide  of  amufhroom.  The  moifture 
which  the  food  contained  is  fqueezed  out  by 
the  power  of  this  organ  ;  it  is  there  formed  into 
a  bolus,  from  whence  it  proceeds  towards  the 
left  fide,  into  the  fourth  and  lad  ftomach.  The 
fourth  ftomach  is  of  a  membranous  ftructure, 
having  within  a  number  of  longitudinal  rugae. 
It  is  not  until  thefcod  has  reached  this  organ  that 
it  becomes  prepared  to  undergo  the  final  procefs 
of  aflimilation.  The  alterations  it  undergoes  by 
the  action  of  the  three  firft  organs,  are  merely 
to  prepare  and  fit  it  for  the  action  of  the  laft, 
which  feems  defigned  to  perform  the  fame 
purpofe  of  aflimilation  as  that  of  the  human 
fpecies*. 

If 

*  Cows  and  horfeseat  hemlock  j  hares  eat  milk  thirties ; 
hogs  fatten  on  henbane  ;  quails  on  hellebore  5  and  goats 
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If  we  examine  the  digeftive  organs  of  gram- 
vorous  birds,  we  mall  find  them  equally  com- 
plicated in  their  ftructure.  After  the  food 
has  been  taken  up  by  the  bill,  which  is  generally 
blunted  and  hollow,  it  is  conveyed  by  the 
affiftance  of  the  tongue  into  the  oefophagus, 
which  is  of  considerable  magnitude.  The 
oefophagus,  after  paffing  under  the  bread  bone, 
opens  into  the  crop.  The  crop  is  of  a  glan- 
dular nature,  fecreting  a  fluid  which  is  efpe- 
cially  deftined  to  act  upon  the  food,  and  affi- 
milate  it  to  the  nature  of  the  fyftem  itfelf  *. 

There  is  a  canal  that  proceeds  from  the 
crop,  and  which  may  be  confidered  perhaps  as 
a  continuation  of  the  oefophagus,  that  termi- 
nates in  the  gizzard. 

on  euphorbium.  A  horfe  can  take  more  glafs  of  antimony 
than  would  kill  an  hundred  men  j  a  dog,  more  opium 
than  would  kill  an  unaccuftomed  man  ;  while  an  ordinary 
dofe,  of  jalap,  of  nux  vomica,  or  a  few  bitter  almonds, 
would  convulfe  or  kill  him.  Bitter  almonds  kill  different 
kinds  of  birds  likewife  ;  and  parfley  is  poifon  to  parrots. 
Indeed  every  animal  and  vegetable  poifon  is  the.  food  of 
fome  animal.    Vide  the  late  Dr.  Webfter's  trafts,  Sec. 

*  There  are  fome  birds,  as  pigeons,  that  fecrete  a  milky 
fluid  for  the  purpofe  of  nourifhing  their  young,  and  which 
is  known  by  the  name  of  pigeon's  milk. 

T  4  The 
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The  gizzard  is  mufcufep  and  tendinous  in  its 
ftru&ure :  it  is  lined  by  a  thick  cuticle,  and  there 
is  generally  found  within  the  internal  furface 
(which  is  comparatively  fmall  to  the  fize  of  the 
organ  itfelf)  a  number  of  fmall  (tones  which  the 
animal  picks  up,  and  which  feem  to  perform 
the  office  of  teeth  :  they  are  commonly  larger 
than  the  grain  on  which  it  feeds.  The  ftrong 
mufcular  fabric  of  which  the  gizzard  is 
compofed,  performs  the  fame  office  as  the 
maffeter  and  pterygoid  mufcles.  Bypreffing 
upon  thefe  ftones,  and  the  ftones  upon  the  food, 
a  procefs  of  trituration  is  effected;  the  food 
is  broken  down,  and  more  eafily  acted  upon 
by  the  gaftric  juice  with  which  it  is  involved. 
It  does  not  however  appear  that  the  digeftive 
procefs  has  even  then  taken  place.  The  food 
is  propelled  from  the  gizzard  into  the  true 
digeftive  ftomach,  and  from  thence  into  the  in- 
teftinal  canal.  The  inteftinal  canal  has  a  num- 
ber of  inteftina  caeca,  which  appear  to  poffefs  a 
digeftive  power  alfo ;  for,  if  the  food  be  exami- 
ned which  is  in  them,  it  feems  to  be  much  fur- 
ther advanced  in  the  procefs  of  affirnilation 
than  that  which  is  in  the  interlines.  Nor  do  the 
affimilatingorgans  alone  feem  more  complicated 
ia  herbivorous  and  graminivorous  animals  than 

in 


BY  DIFFERENT  ANIMATED  SYSTEMS.  2$1 


in  carnivorous,  but  the  inteftinal  canal  alfo:  it  is 
in  them  infinitely  larger,  and  better  calculated 
to  receive  an  additional  quantity  of  feculent 
matter,  and  to  accommodate  itfelf  to  the  de- 
compofition  which  it  fuftains,  than  that  of 
carnivorous  animals. 

On  the  contrary,  if  we  examine  the  digeft- 
ive  organs  of  carnivorous  animals,  we  fhak 
find  that  they  are  more  fimple,  becaufe  the  afli- 
milation  of  animal  food  is  fooner  effected,  and 
does  not  feem  to  require  a  procefs  fo  elaborate 
as  that  which  we  have  defcribed. 

In  birds  of  a  carnivorous  kind,  like  the  eagle, 
hawk, cormorant, crow,  raven,  &c.  the  cefopha- 
gus  in  them  does  not  terminate  in  a  crop,  but 
in  a  membranous  ftomach,  fomewhat  fimilar  to 
the  human  ;  and  the  inteftinal  canal,  inftead  of 
being  proportionably  long,  is  relatively  fhort. 

The  ftomach  of  carnivorous  quadrupeds ,  al- 
though more  capacious,  is  marked  with  the  fame 
fimplicity  in  its  fabric  :  it  is  of  the  fame  nature 
as  the  human  ftomach  ;  although  it  is  probable 
that  the  afiimilating  powers  it  contains  are  far 
fuperior  to  our  own.  The  neceftity  of  this 
will  be  apparent,  if  we  reflect:  on  the  crude 
and  living  fubftances  which  thefe  animals  prey 
and  feed  upon,  and  the  amazing  powers  thefe 

organs 
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organs  mud  confequently  pofllfs,  not  only  to 
be  capable  of  destroying  the  living  and  active 
powers  of  thofe  fubftances,  but  to  ammilate 
them  afterwards  to  the  nature  of  the  fyftem. 

There  are  many  well  authenticated  facts 
which  prove  that  various  ferpents  fwallow 
whole  animals  of  prodigious  magnitude,  and 
where  the  procefs  of  ammilation  completely 
takes  place.  Pigs  and  deer  are  frequently  de- 
voured by  them;  and  it  has  been  mentioned 
that  the  large  Boa  fnake  and  the  copra  de  capello 
have  been  known  to  devour  a  young  buffalo. 

Snakes  fwallow  in  one  morfel  the  food  on 
which  they  feed ;  it  palfes  through  the  cefo- 
phagus,  which  appears  to  be  a  mere  partition 
from  the  mouth  into  the  flomach,  which  is 
very  large,  and  fufceptible  of  prodigious  dif- 
tenfion. 

The  aflimilating  power  of  the  lower  order 
of  animals  is  ftrongly  marked  by  the  facility 
they  poffefs  of  converting  to  their  own  nature 
fubftances  of  the  moft  fimple  kind,  in  a  man- 
ner fufficiently  perfect  to  anfwer  the  purpofe 
of  evolution  and  of  reftoration. 

It  is  unneceflary  for  me  again  to  relate 
the  experiments  which  Dr.  Fordyce  made 
upon  fifh,— animals  of  a  carnivorous  nature. 

Although 
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Although  they  were  deprived  of  animal  food 
altogether,  the  aflimilating  powers  of  their 
ftomach  were  fufficiently  ftrong  to  convert  the 

1 

water  and  air  on  which  they  fed,  into  chyle; 
and  which  anfwered  every  purpofe  for  which 
it  was  defigned.  The  mouth  of  fifth,  which  is 
generally  very  large,  terminates  in  the  cefopha- 
gus ;  the  cefophagus  itfelf  is  extremely  fhort, 
and  opens  into  the  ftomach,  an  organ  which 
in  them  is  of  very  confiderable  magnitude. 
On  examining  the  ftomach  of  different  fifties, 
it  is  very  common  to  find  within  it  a  quantity 
of  milky  fluid,  exa&ly  refemblmg  chyle,  and 
which  feems  to  fhow  that  the  chylopoefis 
takes  place  more  completely  in  this  order  of 
beings  than  it  does  in  thofe  of  a  higher  clafs. 
They  generally  fwallow  their  food  whole,  and 
it  is  conveyed  into  the  ftomach  without  pre- 
vious maftication.  It  is  curious  to  obferve  in 
fifth  the  magnitude  of  the  ftomach  and  the 
fmall  fize  of  the  inteftines,  there  being  three 
convolutions  only.  In  the  cartilaginous  fifh 
thereis  an  appendix  cseci,  which  feems  evidently 
to  aft  upon  the  aliment  which  the  ftomach  had 
not  completely  aflimilated,  and  to  finifti  what 
the  ftomach  had  begun ;  it  is  of  a  very  folli- 

cu'ar 
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cular  ftruaure,  and  fituated  about  two  inches 
from  the  anus. 

In  the  bony  fifh  the  ftomach  feems  to  pof- 
fefs  the  fame  relative  magnitude;  and  the  fame 
provifion  for  the  final  aflimilation  of  the  food 
exifts  in  the  inteftinal  canal,  although  the  con- 
ftruction  is  fomewhat  different :  inftead  of  an 
appendix  cseci,  there  are  a  number  of  fmall  in- 
teftina  cseca  -attached  to  the  fmall  interlines, 
and  where  the  food  undergoes  a  more  perfect 
and  complete  change. 

Of  the  Nature  of  the  Food  defined  for  the  life 

of  Man. 

Such  is  the  total  indigency  of  the  human 
fpecies,  and  of  the  higher  order  of  animated 
beings,  that,  if  it  were  not  for  the  protecting 
and  foftering  care  of  their  parents,  their  exift- 
ence  would  no  fooner  begin,  than,  like  the 
ephemeris  of  a  day,  it  would  inftantly  terminate, 
The  offspring  of  vegetables  are  feparated  from 
the  parent  flock  by  the  rude  blafts  to  which  they 
are  expofed,  and  fubfift  totally  independent  of 
them.  The  fame  flate  of  independence  ex- 
ifts in  fifh,  and  the  whole  of  the  infedr.  tribe. 
This  Mate  progreffively  decreafes  as  we  proceed 
from  birds  to  the  higher  order  of  animals. 

The 
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The  lower  order  of  thefe  poffefs,  for  the 
moft  part  as  foon  as  born,  the  powers  of  loco- 
motion, and  therefore  are  capable  of  going  in 
fearch  of  food  ;  but  the  higher  orders  are  to- 
tally helplefs  of  themfelves,  and  wholly  de- 
pendent on  the  mother  for  nourifhment  and 
fupport. 

Different  therefore  are  the  ends  which  the 
Deity  has  in  view  in  the  generation  of  man  and 
the  other  orders  of  animated  beings.  Thofe 
that  have  not  the  power  of  providing  for 
themfelves,  are  protected  and  provided  for  by 
the  parents ;  fo  that,  in  the  moft  rational  fyf- 
tem,  the  mother  not  only  affords  nourifhment 
to  her  offspring  before,  but  after  it  is  born. 
The  organs  that  are  allotted  this  office  are  fi- 
tuated  in  the  thorax  upon  the  pectoral  muf- 
cles  :  foon  after  parturition  is  accomplished, 
the  mammae  receive  an  increafed  fupply  of 
blood,  which  they  feparate  and  convert  into 
milk  :  the  glands,  which  are  efpecially  allotted 
this  office,  have  their  actions  excited  and  con- 
tinued by  the  irritation  which  the  nipples  re- 
ceive, and  which  the  lips  and  tongue  of  the 
infant  are  deftined  to  impart. 

Such  is  the  fenfe  of  want  which  the  infant 
4  feels 
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feels  as  foon  as  it  is  born,  that  it  is  inftino 
tively  led  to  move  its  lips,  in  fearch  of  the 
nourifhment  fo  congenial  to  the  nature  of  its 
frame.  It  is  unnecellary  to  give  a  chemical 
analyfis  of  the  properties  of  fnilki  it  is  fuf- 
ficient  for  me  to  fay,  that  it  is  of  a  bland 
and  agreeable  tafte,  of  a  white  colour,  and, 
when  in  its  pure  and  healthy  condition,  des- 
titute of  any  acid  or  alkaline  properties  :  it 
feems  in  fad:  principally  compofed  of  the  fe- 
rum  and  coagulable  lymph  of  the  blood,  ab- 
ftra&ed  of  the  red  globules.  It  is  this  food 
which  appears  efpecially  fitted  for  the  fupport 
of  the  infant  fyftem,  and  that  pofTefies  the 
flrongeft  aptitude  to  be  acted  upon  by  the  in- 
fant ftomach,  and  affimilated  to  the  nature  of 
the  infant  frame. 

When  we  reflect  on  the  flructure  of  the 
gums  in  the  infant  Mate,  no  doubt  can  exift 
but  that  aliment  of  a  fluid  kind  is  beft  fitted  for 
the  fubfiftence  of  the  infant.  There  are  vari- 
ous fources  from  whence  aliment  of  a  fimilar 
nature  may  be  obtained  ;  it  is  produced  by  the 
breads  of  all  the  females  of  the  mammalia  clafs 
after  parturition.  "When  there  is  a  deficiency 
of  the  mother's  milk,  that  of  cows,  of  goats, 

and 
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an  J  of  afles  is  frequently  fubftituted  in  its 
ftead  *. 

-  It 

*  There  are  very  few  parents  who  have  not  caufe  to 
deplore  the  pains  and  concomitant  danger  that  attends 
the  teething  of  their  children.    I  cannot  avoid,  in  this 
place,  molt  ftrongly  urging  the  more  frequent  praaice  of 
lancing  and  dividing  the  gums,  when  fymptoms  arife  that 
feem  to  proceed  from  the  (hooting  of  the  teeth.    I  fpeak 
from  the  very  frequent  good  effects  I  have  feen  it  pro- 
duce.   I  (hall  however  relate  the  cafe  of  one  of  my  own 
children,  as  in  none  have  I  feen  the  effect  more  linking. 
He  was  a  boy  feven  months  old,  of  a  healthy  conftitution  ; 
He  was  feized  with  fever,  accompanied  with  confiderable 
pain  :  although  he  ufed  to  put  his  fingers  to  his  mouth, 
there  neither  was  any  appearance  of  teeth,  nor  were  his 
gums  any  way  fwelled.    The  fever  increafed  :  on  the  fe- 
cond  and  third  day,  fymptoms  of  inflammation  of  the  lungs 
came  on,  with  exceffive  reftleffnefs  manifefted  by  con- 
ftant  lamentations  and  cries.    I  bled  him  with  leeches,  put 
him  repeatedly  in  the  warm  bath,  gave  him  frequent  dofes 
of  antimonial  medicine  to  produce  perfpiration,  with  di- 
luting drink,  and  applied  a  Witter  to  his  cheft.   All  my  en- 
deavours feemed  of  no  avail  •,  the  fever  and  peripneumo- 
nic  fymptoms  increafed  j  and  I  am  fure  that  for  three 
days  together  he  was  but  a  few  hours  without  crying,  al- 
though I  tried  to  compofe  him  by  means  of  an  opiate. 

The  cafe  became  fo  urgent,  that  although  the  gums  did 
not  appear  fwelled,  I  determined  in  the  middle  of  the 
fifth  night  to  try  what  effect  the  lancing  of  them  would 
produce.  I  divided  the  gums  that  cover  the  two  upper  and 

lower 


\ 


28c?  NATURE  OF  THE  FOOD 

It  therefore  unqueftionably  appears,  that 
the  human  fpecies,  from  the  moment  of  its 
creation,  is  naturally  deftined  to  fubfift  on  ani- 
mal food :  it  might  confequently  become  a  ques- 
tion, whether  we  do  not  deviate  from  the  path 
which  nature  has  pointed  out,  when  we  al- 
low infants  to  feed  upon  fubftances  that  are 
produced  not  by  the  animal  but  by  the  vege- 
table kingdom  ;  and  whether  it  were  not  bet- 
ter to  liquefy  animal  matter  in  the  form  of 
broth,  as  a  fubftitute  for  milk,  than  have  re- 
courfe  to  the  various  farinaceous  fubftances 
that  are  in  common  ufe. 

Upon  a  fubjecl:  fo  univerfai  as  this,  a  great 
variety  in  opinion  will  naturally  exift  ;  and 
it  is  certain,  that  in  very  many  inftances 
farinaceous  food  will  prove  highly  nutritious. 

Jower  incifores  very  widely,  pufhing  my  lancet  clown  until 
I  felt  it  refitted  by  fome  folid  fubftance.  In  five  minutes, 
the  child  that  hail  fcarcely  ceafed  crying  for  feveral  days, 
became  tranquil ;  he  fell  into  a  moft  profound  fleep,  a  fine 
pcrfpiration  came  on,  the  fever  and  peripneumonic  fymp-  . 
toms  went  off,  and  in  two  days  he  was  perfectly  recovered, 
weaknefs  alolie  excepted.  As  1  never  faw  a  more  firiking 
effect  produced,  1  hope  1  fnnll  be  pardoned  for  having  dwelt 
upon  it;  but  when  cafes  like  this  fo  very  commonly  oc- 
cur, the  plan  cannot  be  too  generally  recommended. 

.  .  farn'  * 
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I  am  convinced  that  it  has  a  much  ftronger 
tendency  to  undergo  a  ftate  of  decompofition 
and  aflume  its  chemical  changes,  by  refifting 
the  powers  of  affimilation,  than  food  of  an 
animal  nature ;  and  that  to  weakly  children 
animal  food  is  preferable  to  vegetable. 

When  we  reflecl:  on  the  various  filiations 
which  man  choofes  for  his  habitation,  no  doubt 
can  exift  but  that  this  circumftance  alone  will 
caufe  a  great  variety  in  the  effecl:  produced  by 
the  aliment  of  every  kind  which  he  receives. 
In  the  country,  where  the  air  is  pure,  and  the 
blood  has  abundant  fources  of  melioration 
from  the  lungs,  the  ftomach  not  only  pofleffes 
greater  power  of  converting  the  fubftances  it 
receives,  but  the  neceflity  does  not  exift  that 
thofe  fubftances  fhould  contain  fo  ftrong  an 
aptitude  to  be  acted  upon  as  in  town,  where 
the  impure  air  deprives  the  blood  of  the 
fame  fource  of  amendment.  It  is  on  that 
account,  that  in  the  country,  where  the  air  is 
pure,  children  thrive  upon  food  which 
would  ftarve  them  in  large  cities  j  and  how- 
ever true  it  may  be,  that  water  may  be  nu- 
tritious to  the  one,  I  am  convinced  that  wine 

vol.  11.  U  and 
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and  fermented  liquors  are  very  proper  for  the 
other.  I  am  fatisfied,  from  the  obfervationl  have 
been  able  to  make,  that  it  is  an  erroneous 
plan  to  feed  children  on  vegetable  food,  and 
debar  them  from  the  habit  of  eating  animal ; — 
to  make  them  take  water  for  their  drink,  and 
prevent  the  moderate  and  temperate  ufe  of 
beer  or  wine.  If  I  were  afked  what  are  the 
deleterious  effects  produced  by  the  vege- 
table plan  ;  I  mould  fay,  that  it  is  the  caufe 
of  chilblains,  of  rickets,  of  the  imperfect  for- 
mation of  bones,  followed  by  a  mal-confor- 
mation  of  the  cheft,  predifpofing  the  fyftem  to 
phthifis  ;  of  mal-conformation  of  the  pelvis, 
the  effects  of  which  are  more  efpecially  felt  by 
the  female  fyftem  ;  that  it  is  the  caufe,  in  both 
fexes,  of  glandular  and  fcrophulous  fwellings, 
&c.  &c.  &c.  * 

We 

*  It  fell  to  my  lot  lately,  to  go  to  Old  Hampton,  a  low 
uncultivated  fpot  on  the  Effex  fhore,  inhabited  by  two  fa- 
milies alone.  Two  women  and  four  children  that  were 
there  had  the  ague  habitually  and  conftantly  upon  them  j. 
and  on  enquiry,  I  found  that  they  lived  with  the  utmofl: 
penury,  and  principally  on.  vegetable  food.  The  men 
ufed  to  have  the  ague  occafionally  alfo ;  but  whenever 

they 
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We  can  form  but  very  imperfect  notions  of  the 
powerwhich  the  human  ftomach  poITefTedin  the 
early  ages  of  the  world,  when  mankind  exifted 
in  a  Rate  of  purity  and  virtue,  from  what,  it 
does  at  this  time,  when  the  human  frame  has 
been  gradually  weakened  by  the  hereditary 
vices  of  fucceeding  generations  *.  There  is 
another  fource  of  debility  of  a  more  confiderable 
kind  :  I  mean  the  various  mental  occupations 
which  naturally  proceed  from  men  in  fociety, 
and  the  congregation  of  mankind  in  collected 
habitations  or  towns,  &c.  There  can  be  no 
doubt  but  that  thefe  caufes  contribute 'in  an  ef- 
pecial  manner  to  weaken  the  powers  of  the 
human  frame,  and  to  impair  the  functions  of 
the  affimilating  organs.   In  favage  life,  where 

they  could  procure*  gin,  or  other  fpirituous  liquors,  it 
put  off  the  paroxyfm  for  feveral  days.  Such  was  the 
prejudice  againft  the  bark,  that  the  very  mention  of  it 
I  thought  would  produce  a  fhivering  fit. 

*  In  the  earlieft  ages  of  the  world,  before  the  deluge,  it 
appears  that  man  was  deftined  efpecially  to  live  on  vege- 
table food.  In  the  firft  chapter  of  Genefis,  ver.  29,  God 
faid  to  Adam,  "  I  have  given  you  every  herb  bearing  feed 
which  is  upon  the  face  of  all  the  earth,  and  every  tree,  on 
which  is  the  fruit  of  a  tree  yielding  feed  j  to  you  it  fliall  be 
for  meat.'' 

U  2  there 
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there  is  a  population  without  fociety,  and  ani- 
mal powers  without  mental  exertion,  the  fto- 
mach  feems  to  be  equal  in  power  with  that 
of  the  different  animals  I  have  mentioned.  It  is 
the  common  practice  for  the  inhabitants  that 
border  on  the  Orange  river  in  Africa,  to  collect 
round  the  carcafe  of  a  whale  that  may  have 
been  driven  on  more,  and  to  remain  near  it  un- 
til the  whole  has  been  devoured,  without  any 
culinary  procefs  whatever.  We  have  alfo  the 
authority  of  Mr.  Bruce  for  ftating  that  it  is  the 
practice  of  the  Abymnians  (a  barbarous  and 
favage  race)  to  live  upon  animal  food,  crude 
and  unprepared  *,  It  does  not  however  ap- 
pear, 

*  In  Abyflinia  (if  we  may  credit  Mr.  Bruce)  the  amufe- 
ments  of  the  gentry,  during  the  rainy  feafon,  confift  in 
convivial  meetings  of  both  fexes,  who  are  no  fooner  af- 
fembled  and  feated  round  the  dining-table,  than  a  large 
ox  or  cow  is  brought  in  alive,  and  fattened  to  the  wall  j 
whilfl;  a  number  of  fervants  immediately  fall  to  cutting 
up  its  mofl  flcthy  and  tender  parts,  and  diftributing  the 
flices  to  the  company.  Every  gentleman  being  feated  be- 
tween two  ladies,  is  immediately  fed  by  the  obliging  fe- 
males, who  wrap  up  a  mouthful  of  meat  firft  in  pepper 
and  then  in  taaf  bread,  and  cram  it  down  his  throat  till 
his  appetite  is  fully  fatisned  after  which  the  gentlemen 
feed  the  ladies  in  return ;  the  while  the  poor  bleeding  ani- 
mal 
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pear,  that  food  of  this  defcription  is  either  fo 
grateful  to  the  appetite,  or  equally  eafy  of  af- 
fimilation,  as  that  which  has  undergone  a  cu- 
linary procefs.  It  feems  neceflary  that  food, 
whether  it  be  of  an  animal  or  of  a  vegetable 
kind,  mould  have  the  living  power  by  which 
it  is  marked  and  characterized,. and  which  con- 
ftitutes  the  bond  of  its  different  parts,  weak- 
ened and  abated,  in  order  that  it  may  be  more 
eafily  acted  upon,  and  converted  by  the  affi- 
milating  organs  of  the  fyftem  which  it  is  def- 
tined  to  nourifli. 

It  is  probably  with  a  view  to  this  end,  that 
the  whole  of  the  culinary  art  has  been  origi- 
nally eftablifhed.  Thus  it  is  by  a  culinary  pro- 
cefs, that  farinaceous  matter,  which  can  preferve 
its  living  properties  for  years,  foon  after  it 
has  been  formed  into  a  parte  and  baked  or 
boiled,  ferments  in  a  few  days.  It  is  by  the 
fame  means  that  the  bond  of  efculent  vegetables 
is  weakened,  and  made  fitter  to  be  acted  up- 
on by  the  ftomach ;  that  ripe  vegetables  are 
more  nutritious  than  unripe ;  and,  finally, 

mal  bellows  in  vain  to  the  fervants,  who  prolong  his  life 
to  keep  his  flefh  tender  the  while  their  matters  feed  ;  after 
which  they  {hare  the  carrion  among  themselves. 

U  3  thofe 
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thofe  whofe  vegetative  powers  are  totally  ex- 
hausted than  when  they  continue,  as  dried  figs, 
grapes,  dates,  &c.  &c. 

It  is  that  great  clafs  of  vegetables  called  gra- 
mma, which  may  be  confidered  in  an  efpecial 
manner  as  poffeiTing  properties  of  a  nutritious 
nature  ;  it  is  by  them  that  the  various  farina- 
ceous  fubftances  we  ufe  are  particularly  pro- 
duced. It  is  generally  fuppofed,  that  rice  for 
its  bulk  contains  more  nutritious  matter  than 
wheat,  or  any  other  of  the  fame  clafs.  This  fa- 
rinaceous matter  exifts,  although  perhaps  in 
an  inferior  degree,  in  the  feeds  of  moft  plants; 
in  barley,  rye,  melons,  cucumbers,  nuts,  apri- 
cots, peaches,  &c.  ;  and  it  has  been  found 
that  the  fteras  of  the  palmas  contain  a  fa- 
rinaceous matter,  which  is  highly  nutritious, 
called  by  us  fago..  Farinaceous  matter  alfo 
abounds  in  the  root  of  the  potatoe,  in  the 
root  of  the  bunium,  bulbo-caftaneum,  yams, 
&c.  &c. 

The  faccharine  matter  alfo  which  fruit 
contains  is  found  both  grateful  to  the  tafte 
and  nutritious  to  the  fyftem.  Hence  it  is 
that  the  Grecians  live  principally  upon  figs ; 
|n  fome  parts  of  Africa  upon  dates;  anc} 
f  '  graPe* 
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grapes  conftitute  a  confiderable  proportion  of 
the  diet  of  the  poor  inhabitants  of  Portugal 
and  Spain  *. 

It  is  not  thefe  fubftances  alone  that  are 
nutritious.  Vegetable  juices,  and  under  cer- 
tain circumftances  it  is  probable  the  whole  of 
many  vegetables,  poflefs  the  aptitude  to  be 
digefted,  and  confequently  to  afford  nourifh- 
ment  to  the  fyftem.  It  is  however  too  di^ 
greflive  for  me  to  examine  them. 

However  inferior  in  point  of  nourishment 
vegetable  food  may  be  to  animal,  no  doubt 
can  exift  but  that  it  is  equal  to  the  tafk  of  fup- 
porting  the  human  frame.  The  whole  tribe  of 
Gentoos  live  entirely  upon  it ;  although  it  is 
very  certain  that  they  are  weaker  than  thofe  who 
live  upon  animal  matter  alfo.  That  this  is  a 
fact,  is  proved  from  hence,  that  the  foldier  cqft, 

*  The  officer  who  took  poffeflion  of  the  St.  Salvador 
del  Mundo,  in  the  late  brilliant  action  off  Cape  St.  Vin- 
cent's, allured  me  that  there  were  only  eight  barrels  of 
beef  and  pork  on  board,  and  which  were  deftined  for  the 
ufe  of  the  fick  j  but  that  the  crew  in  general,  amounting  to 
noo  men,  always  fed  upon  boiled  beans  mixed  with  a 
certain  proportion  of  oil  of  olives,  and  occafionally  a 
fmall  allowance  of  hfh. 

U  4  which 
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which  are  allowed  to  eat  animal  food,  are  far 
more  robuft,  and  capable  of  undergoing  greater 
bodily  fatigue,  than  thofe  who  live  on  vege- 
tables alone  ;  and  I  am  credibly  informed,  that 
their  mufcles  are  not  only  nronger,  but  that 
their  bones  are  more  folid,  and  contain  a  much 
larger  quantity  of  earthy  matter. 

Seeing  then  that  each  kind  of  food  feparately 
is  adequate  to  the  talk  of  nourifhing  the  hu- 
man frame,  we  may  from  thence  prefume,  that 
after  the  organs  are  fufficiently  evolved,  a  mix- 
ture of  both  forms  the  beft  fpecies  of  diet  that 
can  be  adopted.  Regard,  however,  muft  be  had 
to  the  particular  period  of  life.  In  infancy, 
before  the  organs  are  evolved,  and  have  attain- 
ed their  acme  of  perfection,  animal  food  is 
preferable  to  vegetable.  During  the  period  of 
youth  and  manhood,  whilft  the  whole  of  the 
fyftemis  in  the  fulnefs  of  its  health  and  ftrength, 
a  mixture  of  both  becomes  moft  congenial  and 
falutary.  But  as  the  period  of  old  age  advances, 
not  only  green  vegetables  ought  to  be  avoided 
and  condemned,  but  even  thofe  that  are  per- 
fectly mature  mould  be  fparingly  admini- 
ftered.  It  is  animal  food  that  is  fufceptible  of 
eafy  maftication,  or  that  has  been  liquefied 

into 
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into  broth,  that  ought  to  conftitute  the  diet 
of  the  eonvalefcent  or  the  decrepid; — for  thofe 
who  are  in  the  decline  of  life,  and  whofe  fyf- 
tem  is  verging  to  decay.  A  period  does  arrive 
in  the  latter  ftage  of  the  natural  life  of  man, 
when  the  organs  of  maftication  cannot  com- 
minute  folid  food ;  when  the  organs  of  de- 
glutition can  fcarcely  fwallow  it,  and  when  the 
aflimilating  organs  cannot  convert  it :  fo  that 
liquid  food  alone,  and  that  which  pofleffes  the 
ftrongeft  poffible  aptitude  to  be  acted  upon, 
ought  to  be  employed.  It  is  then  that  the  cor- 
dial effects  of  wine  are  felt,  and  more  efpe- 
cially  thofe  of  brandy,  &c. :  and  if  the  fto- 
mach  have  not  the  power,  at  the  laft  period  of 
old  age,  of  acting  upon  and  affimilating  the 
aptitude  which  brandy  poffeffes,  the  cafe  may 
be  confidered  as  defperate  indeed.  The  af- 
fimilating powers  of  the  ftomach  are  then  fo 
weakened  and  exhaufted,  that  the  total  cefla- 
tion  of  organic  action  very  foon  enfues,  and 
the  dilTolution  of  the  whole  is  1  the  ultimate 
change  that  is  produced. 

It  is  probably  owing  to  the  total  lofs  of  ori- 
ginal living  properties,  that  the  fluid  which  is 
given  out  from  vegetables  by  the  firfl  procefs 

of 
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of  fermentation  poffefles  fo  ftrong  an  aptitude 
to  be  adted  upon,  and  affimilated  by  the  fto- 
mach  to  the  nature  of  the  fyftem.  Where  the 
vegetative  power  in  the  food  is  weak,  its  ap- 
titude to  be  digefted  is  proportionably  ftrong: 
where  it  is  deftitute  of  all  original  living  cha- 
racter, the  living  power  of  the  ftomach  can 
more  readily  convert  it.    By  this  procefs  of 
fermentation  we  have  wine  and  brandy  pro- 
duced from  grapes,  rum  from  fugar,  and  fpirit 
from  malt. 

It  is  from  the  privation  of  all  fenfible  quali- 
ty, that  water  poffeffes  alfo  the  aptitude  in  fo 
ftrong  a  degree  to  be  affimilated.  Deftitute, 
however,  as  it  is  (as  far  as  we  are  able  to  judge) 
of  any  nature  common  with  the  animated  fyf- 
tem ;  it  would  appear  from  thence  to  be  un- 
equal to  the  talk  of  affording  it  a  fufficiency 
of  fupport  when  given  alone,  although  it  be- 
comes the  beft  medium  in  which  animal  or 
vegetable  matter  can  poflibly  be  conveyed. 

It  is  the  vehicle  in  which  a  variety  of  herbs, 
are  infufed,  and  which  conftitute  a  major  part 
of  our  aliment,  more  efpecially  tea.  However 
grateful  and  falutary  it  may  prove  to  thofe 
who  enjoy  a  plenitude  of  health,  and  who  have 

an 
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an  appetite  for  folid  food,  and  a  ftomach  fuffi- 
ciently  ftrong  to  affimilate  it ;  I  am  notwithr 
(landing  convinced,  that  in  weak  habits,  and 
more  especially  in  thofe  who  are  afflicted  with 
,weak  dileafes,  tea,  and  efpecially  green,  is  ex- 
tremely pernicious,  being  inftrumental  in  de- 
bilitating and  relaxing  the  habit,  in  increafing 
the  irrirability  of  the  nerves,  weakening  the 
energy  of  the  mind,  predifpofing  it  to  hy- 
pochondriafis,  and  the  ftomach  to  dyfpepfia. 
I  am  convinced  that  it  is  a  very  general  caufe 
of  nervous  and  dyfpeptic  complaints  amongft 
the  ladies,  and  amongft  thofe  that  are  expofed 
to  fatigues  either  of  mind  or  body,  more  ef- 
pecially whilft  they  are  nurfes. 

During  the  time  of  good  Queen  Befs,  a 
furloin  of  beef  and  a  cupful  of  nut-brown  ale 
ufed  to  conftitute  the  breakfaft  of  all,  from 
majefty  itfelf  down  to  the  lower  clafs :  at  pre- 
fent,  tea  is  the  common  article  of  diet. 

It  was  from  a  perfuafion  of  the  deleterious 
effects  it  produced,  that  the  late  Jonas  Han- 
way,  a  man  whofe  memory  for  patriotifm  and 
benevolence  will  be  long  remembered,  wrote 
a  Differtation  againft  its  ufe,  exclaiming  in- 
dignantly of  his  countrymen. 

Is 
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Is  this  the  breed,  were  fuch  as  thefe, 
That  quell'd  the  proud  Hefperides  ? 

It  is  impoffible  for  me  to  go  any  farther  in 
the  article  of  diet  without  fwelling  this  volume 
beyond  the  limits  which  I  defign.  I  have 
gone  over  it  in  a  curfory  way,  merely  with  a 
view  of  connecting  the  different  parts  of  the 
fubjeet  I  am  now  endeavouring  to  explain. 

Although  the  manner  in  which  the  body 
ought  to  be  clothed  is  not  immediately  con- 
nected with  the  fubjeet,  I  think  it  proper  to 
ftate,  that  in  this  country  a  very  erroneous 
opinion  prevails,  which  in  its  application  to 
practice  is  extremely  detrimental.    It  is  gene- 
rally thought  that  thin  clothing  has  a  tendency 
to  harden  the  fyftem  and  make  it  robuft  ;  and 
on  the  contrary,  that  warm  clothing  relaxes  the 
habit,  and  makes  it  more  fufceptible  to  be  af- 
fected by  the  viciffitudes  of  the  weather.  From 
every  obfervation  I  have  been  able  to.  make, 
I  am  convinced  that  the  infant  fyftem  is  chil- 
led and  clipped  in  its  growth  by  expofure  to 
cold  ;  if  not  fufficiently  clothed  fo  as  to  be 
protected  from  its  influence,  or  from  the  hid- 
den changes  which  the  weather  undergoes. 
Thin  clothing  is  the  caufe  why  ladies  are  fo 

readily 
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readily  acted  upon  by  the  cold,  fo  frequently 
attacked  with  catarrhs,  and  that  phthifis  pui- 
monalis  is  more  ufual  in  this,  perhaps,  than 
in  any  other  country.  It  is  by  warm  clothing 
alone,  not  partially  but  generally  applied,  by 
flannel  waiftcoats  and  drawers,  &c.  that  the 
fudden  change  of  temperature  can  be  refifted,x 
and  the  fyftem  itfelf  protected  from  its  delete- 
rious effects. 
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CHAP,  VIII. 

OF       AN  DUCAT  I  ON  AND  DEGLUTITION  OF  THE 

TEETH,  AS  THE  AGENTS  BY  WHICH  THE  SEN- 
SIBLE PROPERTIES  OP  SOLID  FOODS  ARE  DE* 
STROYED,  WITH  RESPECT  TO  BULK  Oil 
QUANTITY. 

The  food  comminuted  by  mafication,  acted  upon  by  the  falivrtj 
and  reduced  into  a  pultaceous  mafs — propelled  through  the 
cefophagus  into  the fomach,  or  organ  of  aJfimilation)  &c.  Zsfc. 

It  is  by  the  fenfe  of  want  which  every  ani- 
mal feels,  that  it  is  infti  natively  led  to  employ 
the  organs  with  which  it  is  endowed,  as 
means  by  which  thofe  wants  can  be  relieved. 
By  the  eye  we  behold  objects,  by  the  olfac- 
tory fenfe  we  have  cognizance  of  their  fla- 
vour, by  that  of  tafte  we  decide  whether  they 
be  congenial  to  the  nature  of  our  frame.  The 
fenfations  which  the  organs  feel  are  propa- 
gated to  the  brain,  in  which  confcioufnefs  is 
produced.  It  is  by  the  energy  of  the  brain 
that  the  voluntary  mufcles  are  made  to  act, 
and  food  of  different  kinds  is  received  and 

conveyed 
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conveyed  into  the  mouth.  It  is  therefore  ne- 
ceffary,  to  point  out  the  different  means  by 
which  food  is  fitted  and  prepared  for  the 
action  of  the  digeftive  organs.  Solid  food  is 
comminuted  by  maftication,  and  its  tempera- 
ture accommodated  by  deglutition.  Thefe  pro- 
ceffes,  however,  are  only  preparatory  to  the 
procefs  of  affimilation  which  it  is  finally  to 
undergo. 

The  power  by  which  maftication  is  effected, 
principally  depends  on  the  action  of  the  vo- 
luntary mufcles  by  which  the  lower  jaw  is 
moved,  and  the  consequent  impreflion  that  is 
produced  on  the  food  by  the  motion  of  the 
teeth. 

It  is  with  a  view  of  accommodating  the  fen,- 
fible  qualities  which  food  contains  to  the  ftate 
of  growth  which  the  ftomach  has  fuftained, 
that  we  find  a  difference  in  the  evolution 
which  the  organs  of  maftication  undergo.  In 
the  firft  months  of  infancy  the  organs  of  maf- 
tication are  deftitute  of  teeth,  and  confequent- 
ly  unable  to  mafticate  food  of  a  very  folid 
kind,  and  the  organs  of  deglutition  feem  efpe- 
cially  calculated  to  convey  food  either  of  a 
fluid  or  of  a  pultaceous  confiftence. 

In 
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In  proportion  as  the  evolution  of  the  fto  - 
mach  becomes  developed,  and  its  powers  in- 
creafe,  the  capacity  to  mafticate  folid  food 
progreffively  takes  place,  and  the  evolution  of 
the  teeth  confequently  enfues. 

It  is  by  contemplating  the  relation  that  fub^ 
fifts  between  the  means  and  the  end,  between 
the  inftrumental  and  the  final  caufe,  that  we  are 
capable  of  conceiving  and  of  beholding  the 
beautiful  harmony  that  fabfifts  between  all 
the  parts  of  the  fyftem,  with  a  view  to  the  per* 
feclion  of  the  whole. 

The  firft  fet  of  teeth  are  not  only  very  de- 
licate in  their  ftrufture,  but  limited  in  their 
duration  ;  they  perifh  and  decay,  and  a  feeond 
more  folid  and  more  durable  than  the  former 
fucceeds.  In  the  decline  of  life,  when  the  fyf- 
tem is  verging  to  dc-jay,  the  teeth  fympathize 
vvith  the  organs  in  general:  they  decay  and  fall. 

Of  the  T "Mh. 

In  proportion  as  the  evolution  of  the  fyftem 
advances,  and  as  it  becomes  capable  of  fupport- 
ing  the  efTed  of  mental  energy,  and  of  per- 
forming voluntary  action  in  a  greater  degree, 
a  neceffity  feems  evidently  to  exift,  that  it 
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mould  be  capable  of  acting  upon  food  of  a  more 
folid  nature.  It  is  with  a  view  to  this  end, 
that  a  provifion  is  made  by  the  exiftence  of 
teeth.  In  the  foetus  they  fubfift  in  an  em- 
bryo condition  only,  and  for  the  firft  fix  or 
eight  months  of  the  infant  ftate,  during  the 
time  that  it  feems  deftined  to  live  by  faction, 
they  are  inbedded  in  the  alveoli  of  the  jaws, 
without  having  pierced  the  gums,  or  the  cover- 
ing by  which  they  are  enveloped.  After  this 
period  their  evolution  feems  evidently  to  ad- 
vance, and  a  confiderable  interval  enfues  before 
the  whole  fet  has  made  its  appearance*.  The 
teeth  have  been  divided  into  three  fpecies. 
The  four  front  teeth  in  each  jaw  are  called  the 

*  In  the  intemperate  and  difeafed,  and  efpecially  the 
difeafed  from  intemperance,  the  teeth  feem  to  fympathize 
in  an  efpecial  manner  with  the  parts  affected  they  de- 
cay and  decompofe,  they  die  and  become  fcetid.  The 
decompofition  which  the  teeth  fuffer  by  death,  is  ftrongly 
illuftrative  of  the  living  and  prefervative  power  they  be- 
fore enjoyed.  It  is  by  virtue  of  this  living  power  that  the 
practice  of  tranfplanting  teeth  is  founded.  The  modu- 
lation that  enfues  cannot  take  place  between  living  gums 
and  dead  teeth,  nor  between  living  teeth  and  dead  gums, 
but  between  living  parts  altogether  with  each  other.  It 
was  by  virtue  of  this  tendency  that  living  parts  have  to 
unite,  that  Mr.  Hunter  inofculated  living  teeth  upon  the 
comb  of  a  cock,  &c,  &c. 

V0L'  11 '  X  inciforeSj 
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incifores,  or  cutting  teeth  :  on  each  fide  of  thefe 
there  is  one  tooth,  which,  from  its  refemblance 
to  a  dog's,  is  called  the  canine  or  dog  tooth ;  and 
finally,  on  each  fide  of  thefe  there  are  fourgrind- 
ihg  teeth,  or  dentes  molares.  The  incifores  firft 
make  their  appearance  j  at  two  years  of  age,  the 
two  molares,  or  canine  teeth,  generally  evolve, 
in  all  twenty  in  number,  viz.  eight  incifores, 
eight  molares,  and  four  canine. 

Thefe  are  the  inftruments  which  are  deftined 
to  comminute  folid  food,  in  order  that  it 
may  be  fit  for  the  ftomach  to  affimilate. 
Thefe  teeth,  however,  are  very  delicate  in 
their  fabric  and  appearance,  and  therefore 
are  called  milk-teeth  :  about  the  feventh  or 
eighth  year  they  progreflively  crumble  and 
decay.  A  fecond  fet,  more  durable,  more  com- 
pact, and  more  extenfive,  fupplies  their  place. 
The  fame  number  of  incifores  and  canine  are 
replaced,  but  there  are  four  molares  added  to 
each  jaw. ;  and  after  the  age  of  puberty  has 
been  attained,  there  are  two  more  added  to 
them,  completing  in  all  thirty-two. 

In  the  healthy  and  temperate,  thefe  teeth 
are  deftined  to  continue  firm  and  undecayed 
during  the  long  period  of  a  long  life,  for  the 

purpofe 
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purpofe  of  dividing  the  fenfible'  properties 
which  folid  matter  contain. 

Of  the  falivary  Glands ,  by  which  the  fenfible 
Properties  of  Food  are  modified  with  refpecl 
to  Quality* 

While  the  fenfible  properties  of  folid  food  are 
deftroyed  by  the  procefs  of  maftication,the  qua- 
lities it  contains  undergo  fome  modification,  by 
the  action  of  different  fluids,  which  are  per- 
petually difcharged  into  the  mouth  from  feve- 
ral  glands :  thefe  glands  are  fix  in  number, 
the  two  parotid,  the  two  fublinguales,  and  the 
two  fubmaxillary,  whofe  excretory  duels  open 
into  different  parts  of  the  mouth.  It  is  proba- 
ble that  liquid  food,  of  a  bland  and  mild  nature, 
has  not  the  power  of  exciting  them  to  act ;  it 
is  folid  food  alone,  or  liquid  food,  which  pof- 
feffes  fenfible  properties  in  an  high  degree, 
that  caufes  them  efpecially  to  act,  and  by  that 
action  to  produce  mucus  and  faliva. 

That  the  fenfation  which  the  nerves  expe- 
rience in  confequence  of  this  ftimulus,  is  the 
caufe  by  which  the  glands  are  excited  to  act, 
feems  evident  from  the  effect  of  imagination 
alone :  they  continue  torpid,  or  become  active, 

X  2  in 
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in  proportion  as  the  mind  alone  dwells  upon 
obje&s  that  either  difguft  or  pamper  the  appe- 
tite. They  become  torpid  by  hunger,  by  dif- 
eafe,  and  ce-tain  paffions  of  the  mind.  They 
become  excited  by  the  falacioufnefs  of  the  ima- 
gination :  fecretion  enfues,  and  a  plenitude  of 
faliva  flows  into  the  mouth,  more  efpecially  if 
it  be  aflifted  by  the  procefs  of  manducation. 

Various  attempts  have  been  made  to  afcer- 
tain  the  quantity  of  faliva  which  is  produced  du- 
ring each  meal:  it  is  however  very  evident,  that 
it  muft  vary  fo  much  under  different  circum- 
ftances,  as  to  render  the  calculation  very  un- 
certain.   In  its  natural  and  healthy  ftate,  it  is. 
a  clear  infipid  fluid,  deftitute  of  any  fen- 
fible  properties,  and,  as-  far  as  we  are  able  to 
judge,  incapable  of  acting  upon  the  food  by 
virtue  of  any  chemical  qualities  it  may  contain  : 
by  chemical  analyfis  it  is  found  to  be  compofedl 
of  ferum,  of  a  colourlefs  mucilage,  and  fome: 
faline  matter  involved  in  it.    The  faline  matter;* 
appears  to  be  principally  feafalt,  becaufe  cubic: 
cryftals  are  evidently  to  be  feen  in  the  refiduum 
after  evaporation.  There  are  other  cryftals  again  ji 
that  are  double  pyramids,  each  of  four  fides,  I 
— cryftals  the  fame  in  form  as  thofe  of  commonlj 

fall 
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fal  ammoniac.  It  is  however  very  evident  that 
in  an  healthy  ftate  thefe  falts  are  in  a  latent 
condition,  becaufe  the  faliva  is  altogether  in- 
fipid.  On  the  contrary,  when  a  morbid 
fecretion  enfues,  when  the  faliva  is  in  a  ftate 
of  decompofition,  thefe  falts,  which  the  faliva 
involves,  ad  by  virtue  of  their  fenfible  and 
chemical  qualities,  imparting  to  the  tafte  a 
faline  fenfation.  Erroneous  however  muft  be 
the  idea  of  thofe  who  take  the  morbid  condi- 
tion of  parts  as  the  teft  by  which  they  are  to 
explain  the  manner  how  the  healthy  actions 
are  carried  on. 

Wiftiing  to  afcertain  whether  the  faliva  had 
any  folvent  effect  upon  the  food,  and  whether 
it  a&ed  by  virtue  of  its  fluidity  alone,  I  made 
the  following  experiments  :  I  received  into  a 
glafs  four  ounces  of  faliva  (from  a  lady  who 
was  feized  with  a  ptyalifm,  after  fcarletina,  al- 
though fhe  had  not  taken  a  particle  of  mer- 
cury), and  four  ounces  of  diftilled  water  in 
another  glafs,  and  put  in  each  one  cubic  inch  of 
bread.  In  twenty-four  hours,  the  bread  that 
was  immerfed  in  the  faliva  had  fuftained  a 
pretty  copious  precipitation.  The  precipita- 
tion, which  was  apparently  of  a  white  flow- 
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ery  nature,  was  confiderably  increafed  at  the 
termination  of  the  third  day ;  the  whole 
feemed  to  preferve  its  fweetnefs :  on  the  fifth 
day  the  faliva  became  ropy,  an  extrication  of 
air  took  place,  giving  out  an  ofFenfive  odour. 
(Thermo mer  60.) 

The  bread  which  was  immerfed  in  the  wa- 
ter continued  unaltered  for  the  hrft  twenty- 
four  hours ;  in  forty-eight  hours  a  fmall  quan- 
tity of  farinaceous  matter  was  precipitated ; 
gafeous  matter  was  then  extricated,  imparting 
to  the  olfactory  fenfe  an  acid  flavour. 

I  expofed  two  bits  of  raw  mutton  to  faliva 
and  diftilled  water,  as  in  the  former  experi- 
ments (the  faliva  I  obtained  from  a  patient 
who  had  a  ptyalifm  from  the  exhibition  of 
.mercury).  It  feemed  to  me  that  the  meat 
which  was  in  the  faliva  was  much  fofter  for 
the  two  firft  days  than  that  which  was  in  the 
water,  although  in  both  it  feemed  to  preferve 
its  fweetnefs  :  on  the  third  day,  the  faliva  be- 
gan to  be  ropy,  and  the  meat  to  {link.  On 
the  contray,  the  flefh  which  was  in  the  water 
did  not  feem  to  have  undergone  fo  confiderable 
a  change  ;  it  continued  frefh  for  two  days 
more.    I  expofed  different  kinds  of  meat, 

drelfed 
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drefled  in  different  ways,  to  the  action  of  Ta- 
li va  ;  and  in  all  I  found  that  it  was  always 
conliderably  foftened  before  it  gave  out  any 
vapour.  That  the  faliva  does  poffefs  a  fol- 
vent  property  in  a  flight  degree,  is  alfo  proba- 
ble from  the  action  which  it  exerts  upon  fome 
metallic  fubftances.  If  they  are  merely  applied 
to  the  tongue,  and  then  removed,  they  are  in- 
fipid,  becaufe  infoluble  by  its  power.  On  the 
contrary,  if  they  are  allowed  to  remain  in  the 
mouth  a  fufficient  time  to  be  acted  upon  by 
the  faliva,  they  become  in  a  flight  degree  dif- 
folved,  and  are  therefore  found  to  be  fapid  to 
the  tafte. 

Whilft  the  food  is  broken  down,  with  re- 
fpect  to  mafs,  by  the  adion  of  the  teeth,  the 
faliva  is  deftined  to  aflift  them  in  comminuting 
thofe  parts  into  fmaller  particles  :  it  would 
therefore  feem  that  it  is  the  fecond  ftep  which 
the  food  undergoes  in  the  procefs  of  aflimila- 
tion,  and  that  it  becomes  in  harmony  with  the 
parts  through  the  falivary  and  mucous  media 
in  which  it  is  involved. 

It  is  not  the  fenfible  properties  of  food,  in 
point  of  quantity  alone,  that  it  is  neceflary  to 
deftroy  :  it  appears  equally  if  not  more  eflen- 
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tial  that  the  fpecific  or  chemical  qualities  mould 
be  eliminated  alfo.  and  it  is  this  prelimi- 
nary procefs  for  which  faliva  is  efpecially  de- 
figned.  The  action  of  the  falivary  glands  is 
exerted,  in  confequence  of  the  ftimulating 
qualities  which  food  contains,  not  folids  only, 
but  fluids  alfo ;  it  bereaves  acids  of  their 
acidity — alkalis  of  their  acrimony;  and  to 
a  certain  and  limited  extent  it  blunts  the  afpe- 
rity  of  both,  rendering  them  bland  and  mild  *. 

When  the  food  has  undergone  this  procefs, 
by  the  affiftance  and  motion  of  the  tongue  and 
mouth  it  is  formed  into  a  morfel ;  the  ca- 
pacity of  the  mouth  is  diminiihed  by  the 
elevation  of  the  top  of  the  tongue  upon  its 
roof.  Its  contents  are  therefore  propelled 
into  the  fauces.  By  the  adtion  of  the  ve- 
lum pendulum  palati,  the  food  is  prevent- 
ed from  getting  into  the  noftrils— into  the 
trachea,  by  the  preffure  it  produces  upon  the 
epiglottis,  m  confequence  of  the  epiglottis 

*  It  were  fuperfluous  in  this  place  to  point  out  the 
evil  that  frequently  arifes  to  many  from  the  dirty  and 
pernicious  habit  they  have  of  exciting  the  a£Hon  of 
the  falivary  glands,  for  the  purpofe  of  fpitting  out  the 
faliva  ;  I  {haH  merely  add,  that  it  is  a  frequent  catife  of 
dyfjjepfia. 
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itfelf  being  at  that  time  drawn  down  over 
the  larynx.  And  finally,  it  is  prevented  from 
regurgitating  into  the  mouth,  by  the  motion 
and  pofition  of  the  tongue,  and  of  the  mufcles 
by  which  the  fauces  are  contra&ed  (the  con- 
ftridores  ifthmi  faucium).  It  is  therefore  thruft 
down  from  the  pharynx  into  the  oefophagus ; 
the  aperture  of  which  is  fufceptible  of  confi- 
derable  enlargement  by  the  action  of  different 
mufcles  that  are  attached  to  it. 

The  cefophagiis^  or  gullet,  begins  where  the 
pharynx  ends  ;  it  proceeds  in  a  triangular  fpace 
behind  the  mediaftinum,  and,  after  paffing 
through  the  diaphragm,  terminates  in  the 
cardiac  or  left  orifice  of  the  ftomach. 

The  cefophagus  is  compofed  of  an  external 
mucous  membrane,  of  a  middle  and  mufcu- 
lar  coat,  and  is  externally  covered  by  a  tunic 
which  it  principally  derives  from  the  pleura. 

The  food  is  propelled  through  the  cefopha- 
gus into  the  ftomach,  by  the  power  of  its  muC 
cular  coat ;  it  is  diminished  in  length  by  the 
action  of  its  longitudinal  fibres ;  it  is  con- 
traded  in  breadth  by  the  action  of  the  circu- 
lar fibres,  with  which  its  internal  furface 
abounds.    And  finally,  its  internal  diameter  is 

completely 
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completely  obliterated  by  the  compound  action 
of  both.  The  food  is  therefore  propelled  by  a 
kind  of  periftaltic  motion  from  the  mouth, 
where  it  v/as  comminuted,  through  the  cefopha- 
gus, where  its  temperature  ia^ccommodated, 
into  the  ftomach,  in  which  it  is  to  be  digefted*. 

*  It  occafionally  happens  that  the  voracity  of  the  appe- 
tite leads  men  to  fwallow  very  large  portions  of  folid  mat- 
ter, and  that  bones  are  introduced  of  greater  dimenfion 
than  the  cefophagus  can  convey.  It  is  a  very  common 
practice  to  attempt  to  thruft  them  down  by  means  of  the 
probang .  I  muft  obferve,  that  I  have  feen  a  preparation 
in  the  poffeflion  of  a  gentleman,  where  the  rafhnefs  of  the 
pra&itioner,  in  confequence  of  the  effort  he  made,  inftead 
of  thrufting  the  bone  into  the  ftomach,  forced  it  through 
the  cefophagus  •,  the  event  of  which  proved  fatal  in  a 
fhort  time. 
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CHAP.  IX. 

OF  THE  STOMACH. 

'The  fabric  of  the  flomach  defcribed — dejlined  to  be  a  fecretory 
organ  for  the  produtlion  of  gaflric  juice — its  qualities —its 
power — its  ufe  afcertained  and  proved  by  the  experiments  of 
Dr.  Stephens,  Mr.  Hunter,  isfc.  &c. — The  different  de- 
grees of  aptitude  in  different  fpecies  of  food  proved — the  re- 
lation which  it  bears  to  the  food — the  ajfimilation  of  the 
food — how  forwarded — how  retarded—the  atlion  of  the 
food  upon  the  Jlomach — the  operation  of  medicine — poifonst 
&c.  fcsV. 

Where  the  ocfophagus  terminates,  the 
ftomach  begins  :  it  is  fituated  in  the  cavity  of 
the  abdomen  under  the  diaphragm :  the  exter- 
nal coat  is  compofed  of  a  duplicature  of  the  pe- 
ritoneum, which  is  connected  internally  with 
the  middle  or  mufcular  one. 

The  mufcular  coat  of  the  ftomach  appears 
compofed  of  fibres  arranged  in  different  di- 
rections :  the  fibres  of  the  external  layer  are 
of  a  longitudinal  form,  running  from  the 
cardiac  or  left  orifice  of  the  ftomach,  where 
the  cefophagus  terminates,  to  the  right  or  py- 
loric 
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loric  orifice.  Within  this  there  are  fibres 
which  aflume  a  diagonal  form,  and  which  are 
covered  over  by  a  layer  of  others  that  take  a 
circular  or  tranfverfe  dire&ion. 

At  the  pyloric  orifice  of  the  ftomach  thefe 
mufcular  fibres  feem  to  be  congregated  to- 
gether in   a  circular  form,  conftituting  in 
facT;,  with  the  addition  of  a  ligamentous  band, 
a  fphin&er  mufcle.  And  finally,  the  mufcular 
coat  is  covered  over  internally  by  a  mucous 
or  villous  one:  the  ftomach  is  fupplied  with 
nerves  from  the  par  vagum  and  intercoftal ; 
with  blood  veffels  from  the  divided  trunk  of 
the  ciliac  artery  which  I  have  already  de- 
fcribed.    The  divifion  of  thefe  trunks  into 
branches,  and  the  fubdivifion  of  thefe  branches 
into  fibrils,  are  evidently  defigned  to  allow 
none  but  the  rareft  and  moft  fubtle  parts  of 
the  blood  to  flow  through.  Thefe  veffels,  after 
paffing  through  the  peritoneal  and  mufcular 
coats  of  the  ftomach,  terminate  either  within 
or  on  the  furface  itfelf  of  the  villous  coat. 

It  has  been  a  queftion  amongft  anatomifts, 
whether  the  villous  coat  of  the  ftomach  confli- 
cted a  gland,  by  the  power  of  which  the  blood 
it  received  was  a£ted  upon  and  changed  ;  or 

whether 
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whether  it  was  the  matrix  only  for  the  attach- 
ment of  different  follicles,  which  it  is  fuppofed 
by  fome  are  fituated  on  its  furface.  If,  howe- 
ver, the  arteries  of  the  ftomach  be  injeded,  the 
whole  of  the  internal  furface  is  completely  fill- 
ed, and  fcarce  any  interftitial  fpace  can  be  dis- 
covered, uninjeded.  If  glands  therefore  do  fub- 
fift,  they  are  fo  minute,  numerous  and  proxi- 
mate, that  the  whole  villous  coat  of  the  ftomach 
may  be  confidered  as  of  a  follicular  ftrudure. 

Although  this  conftrudion  may  be  doubted 
and  difputed  by  fome,  the  fad,  I  believe,  is 
now  admitted  by  all,  that  the  blood  which  the 
veffels  convey,  and  which  is  depofited  in  the 
internal  furface  of  the  villous  coat,  receives, 
and  becomes  in  confequence  endowed  with, 
powers  of  which  it  was  totally  deftitute  before, 
conftituting  a  fluid  known  by  the  appellation 
of  gaji 'rk  juice  ;  by  the  energy  of  whole  pow- 
er the  alTimilation  of  the  food  is  effeded.  If 
the  food 'be  dead,  by  the  power  of  the  gaftric 
juice  it  lofes  its  chemical  properties,  and  be- 
comes animated;  if  it  be  received  alive,  it 
becomes  killed  and  animated  anew,  lofing 
the  living  properties  it  originally  contained, 
and  is  ailimilated  to  the  one  and  only  Spe- 
cific 
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cific  nature  of  the  fyftem  by  which  it  is  re- 
ceived. 

That  the  gaftric  juice  has  the  power  of  act- 
ing upon  the  food  which  is  introduced  into  the 
ftomach,  and  of  deftroying  the  fenfible  or  che- 
mical qualities  it  contains,  not  only  organ- 
ized matter  but  diforganized,  not  only  living 
but  common,  is  a  fad  eftablifhed  by  a  multi- 
tude of  experiments,  performed  not  only  in 
the  body  but  out  of  the  body.  I  mail  avail 
myfelf  of  the  light  which  Reaumur,  Mr. 
Hunter,  Dr.,  Stephens,  Spallanzani,  &c.  have 
thrown  on  the  fubjecT:,  by  a  number  of  fatif- 
factory  and  judicious  experiments  and  obfer- 
vations  which  they  have  feverally  performed 
and  made. 

Monfieur  Reaumur  long  ago  being  folicitous 
to  know  what  alteration  the  food  fuftained  in 
the  ftomach,  enclofed  a  quantity  of  animal  food 
wrapt  up  in  rags,  or  enclofed  in  fmall  metallic 
tubes.  Some  of  thefe  tubes  were  fo  perforated 
that  they  could  eafily  admit  the  palTage  of  any 
fluid  into  them,  and  combine  with  their  con- 
tents ;  others  again  were  intact  and  imperfo- 
rated. They  were  then  introduced  into  the 
ftomach  of  a  carnivorous  animal :  after  a  given 
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time  the  tubes  were  voided ;  but  upon  exami- 
nation it  was  found,  that  the  animal  matter 
which  was  in  the  perforated  tube  was  difTolved, 
whillt  that  which  the  imperforated  one  con- 
tained, had  undergone  little  or  no  alteration. 

The  folution  which  the  food  underwent  in 
the  ftomach,  and  the  converfion  which  dif- 
-  ferent  fpecies  of  matter  fuftained  into  one 
kind  when  expofed  to  the  adion  of  that  or- 
gan, were  fads  too  important  to  be  overlooked 
by  the  penetrating,  although  I  will  fay  uncul- 
tivated genius  which  the  late   Mr.  Hunter 
pofTelTed.   However  erroneous  his  conclufions 
in  many  inftances  may  have  been,  and  how- 
ever true  it  may  be  that  he  faw  through  a 
glafs  darkly,  it  muft,  however,  be  admitted, 
that  it  is  to  him  we  are  indebted  for  having 
revived  the  dodrine  which  afcribed  to  the 
principle  of  life  the  power  of  organization, 
and  to  the  organization  of  living  parts  the  effi- 
ciency of  the  adions  they  performed,  exclud- 
ing altogether  the  agency  of  chemical  powers 
in  the  procefs  of  affimilation  #. 

It 

*  It  is  impoffible  to  contemplate  the  charader  of  Mr. 
Hunter  without  being  ftricken  with  the  originality  he 

poffefled. 
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It  was,  I  believe,  in.  the  Philofophical 
Tranfadions  of  the  year  1772,  that  he  pub- 
liihed  his  obfervations  upon  the  fubjed  of  di- 
geftion,  and  in  which  he  pointed  out  the 
power  the  gaftric  juices  poffefled,  not  only  of 
ading  upon  food,  but  upon  the  ftomach  itfelf, 
after  the  fpecific  adions  of  life  were  termi- 
nated ;  and  in  the  number  of  comparative  ex- 
periments he  made,  he  was  led  to  behold  the 
change  which  fubftances  of  the  fame  kind 
underwent  when  expofed  to  the  adions  of 
the  ftomach.  It  was  notorious  that  carni- 
vorous animals  having  a  membranous  fto- 
mach, as  fifh  that  ufed  to  live  upon  eels  and 
other  fmaller  fifh,  that  when  one  part  remain- 
ed in  the  throat  and  mouth,  the  other  in- 
troduced in  the  ftomach,  whilft  the  former 

poffeffed.  Uneducated  in  his  youth  to  the  profeffion,  his 
genius  too  cramped  and  oppreffed  by  the  jealoiify  and  def- 
potifm  of  an  elder  brother,  whofe  reputation  was  raifed  and 
eftablifhed  by  Mr.  Hunter's  labour  and  induftry;  he  not- 
withstanding lived  long  enough  to  be  at  the  head  of  the 
profeffion  which  he  ornamented  and  improved,  and  fhewed 
the  path  to  the  attainment  of  truth,  by  referring  the  phe- 
nomena which  the  animated  fyftem  difplays  to  the  living 
power  it  contains.  He  has,  it  is  true,  been  attacked  and 
infulted  by  thofe  who  were  fit  only  to  ferve  as  his  footjlool. 

2  was 
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was  unaltered,  the  latter  was  in  a  pulpy 
and  nearly  diflblved  ftate.  He  was  therefore 
Jed  to  believe,  that  the  act  of  digeftion  de- 
pended on  a  procefs  of  folution  ;  not  the 
folution  of  the  ftomach  by  the  gaftric 
juice  whilft  the  powers  of  life  continued,  but 
the  a&ion  of  the  gaftric  juice  upon  the  food 
alone* 

When  the  prefervative  properties  of  the 
ftomach  were  weakened,  Mr.  Hunter  thought 
that  the  gaftric  juice  had  itfelf  the  power 
of  acting  upon,  of  eroding,  and  of  diflblv- 
ing  it  alfo,  although  before  it  was  capable  of 
refilling  its  operation. 

That  the  gaftric  juice  pofiefles  the  power  of 
i  killing  living  animal  matter,  and  of  diftblving 
,  it,  is  farther  proved  in  the  molt  eminent  de- 
!  gree  by  the  changes  it  undergoes  when  intro- 
duced into  the  ftomach  of  ferpents.  Thefe  ani- 
Imals  neither  ruminate  nor  mafticate,  but  gulp 
Sand  fwallow  down  the  morfel  wholly  and  un- 
divided.   They  have  been  known  to  devour 
men,  women,  and  children,  very  frequently 
j)igs  and  deer ;  and  inftances,  as  I  have  I  be- 
lieve already  ftated,  are  recorded,  where  a 
vol.  ii.  Y  young 
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young  buffalo  has  been  found  within  their 
oefophagus  and  ftomach  *. 

Such  is  the  adive  power  which  the  gaftric 
juice  contains, that  a  comminution  and  folution 
by  it  of  the  whole  animal  enfues  ;  it  is  bereaved 
of  the  living  property  it  originallypoffeffed,  and 
becomes  changed  and  affimilated  to  the  nature 
of  the  fyftem  to  which  it  is  applied. 

In  the  year  1777  Dr.  Stephens  publimed  at 
Edinburgh  a  DuTertation  on  Digeftion,  that 
gained  him  much  credit.  His  proofs  were  nu- 
merous and  fatisfaftory  ;  not  confined  to  the 
human  fubj eft  alone,  but  extended  to  different 
claffes  of  animals. 

Firft,  he  chofe  thofe  that  had  ftrong  muf- 
cular  ftomachs,  as  fowls,  turkeys,  &c.  Her 

*  It  is  proper  to  obferve  that  their  mouth  is  fufceptible 
of  wonderful  enlargement,  and  that  the  oefophagus  and  fto-' 
mach  feem  to  confl  itute  in  them  one  cavity  alone.    I  think 
it  however  more  accurate  to  fay  that  it  is  all  ftomach  ;  al- 
though I  know  fome  anatomifts,  whofe  accuracy  I  refpeft' 
make  a  divifion  of  this  part  into  two    but  allow  that  thi 
partition  is  fo  flight,  that  the  gaftric  juice  can  eafily  flov 
from  the  ftomach,  ftriclly  fo  called,  into  the  oefophagus 
If,  however,  it  be  admitted,  that  the  food  becomes  aflS 
milated  by  the  gaftric  juices  in  the  cefophagns,  I  think 
more  corred  to  fay  that  it  is  one  and  the  fame  organ. 

5  ther 
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there  Taw  the  power  which  the  gizzard  pof- 
feffed  of  triturating  the  food.  He,  however, 
was  able  to  afcertain  that  this  procefs  was  mere- 
ly a  preliminary  one  to  the  more  perfect  ftate 
of  aflimilation  by  the  membranous  ftomach. 

Secondly,  he  chofe  thofe  whofe  ftomachs 
were  not  fo  complicated  andftrong  as  the  grani- 
vorous  birds,  but  thofe  that  were  notwithstand- 
ing very  active  and  mufcular,  fuch  as  the  crow 
and  raven.  He  was  able  to  collect  from  the  fto- 
mach of  thefe  animals  a  quantity  of  gaftric  juice 
by  means  of  a  fponge,  which  he  thruft  into 
their  ftomachs  ;  and  after  leaving  it  there  for 
fome  time  he  drew  it  out,  and  by  that  means 
obtained  a  quantity  fufficient  to  afcertain  its 
properties.  It  was  bland  and  mild  to  the  tafte, 
neither  alcalefcent  or  acid ;  neither  turning  ve- 
getable blues  to  a  green  or  to  a  red  colour. 

The  quantity  of  gaftric  juice  which  he  pro- 
cured he  enclofed  in  a  phial,  and  filled  an- 
other with  diftilled  -water :  in  both  of  thefe 
he  put  portions  of  meat  alfo,  and  expofed 
them  to  the  fame  degree  of  heat :  the  meat 
that  was  immerfed  in  the  water  underwent 
little  alteration,  but  that  portion  of  it  that 
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was  immerfed  in  the  gaftric  juice  became  foft* 
ened,  and  foon  after  reduced  into  a  pultaceous 
mafs.  If  the  folution  was  not  complete,  it 
can  be  eafily  accounted  for,  by  the  fmall  quan- 
tity of  gaftric  juice  that  was  collected,  and  the 
lofs  it  fuftained  of  its  original  and  fpecific 
power  by  departing  from  the  ftomach  by 
which  it  was  produced,  as  the  feat  in  which 
it  was  deftined  to  act.  The  fact,  however, 
appeared  fufficiently  eftablimed,  that  the  gaf- 
tric juice  poffeffed  a  folvent  power  over  the 
food,  and  that  it  did  not  feem  to  arife  from 
any  chemical  property  which  it  contained, 
being  deftitute,  as  far  as  could  be  judged,  of 
any  fenfible  qualities. 

At  the  time  that  Dr.  Stephens  was  profe- 
cuting  thefe  experiments  upon  carnivorous 
birds,  there  was  a  poor  man  who  ufed  to  fwal- 
low  a  number  of  ftones,  and,  by  affording  di- 
verfion  to  the  people,  obtain  from  them  the 
means  of  fubfiftence.  The  opportunity  was 
not  to  be  neglected  ;  it  was  eagerly  feized  by 
Dr.  Stephens ;  and  the  ftone-eater,  by  confi- 
dence that  nothing  prejudicial  to  his  health 
would  be  given,  was  prevailed  upon  to  fwal- 
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low  a  number  of  fubftances,  with  a  view  of 
afcertaining  the  alteration  they  fuftained  in 
the  ftomach. 

A  leech  was  introduced  into  a  fmall  filver 
fphere  perforated  with  holes,  and  fwallowed  ; 
and  after  remaining  in  the  ftomach  fome  time 
it  was  voided  :  it  was  however  found,  that  the 
whole  of  the  leech  was  diflblved,  faving  a  fmall 
quantity  of  black  matter  in  a  pultaceous  {tare. 

Wifhing  to  afcertain  the  aptitude  to  be  dk- 
gefted  which  difFerent  fpecies  of  food  poflefE. 
ed,  he  introduced  into  a  fphere  perforated  with 
holes,  and  feparated  into  two  parts,  pieces  of 
mutton  and  of  fifth.  He  found  by  experi- 
ment, that  the  fifth  in  general  was  fooner  and 
more  completely  diflblved  than  the ,  mutton. 
And  finally,  he  tried  the  alteration  which 
meat  fuftained  when  introduced  in  a  raw  ftate, 
or  that  which  had  undergone  a  culinary  pro- 
cefs :  he  was,  however,  fatisfied,  that  the  for- 
mer was  for  more  difficult  of  digeftion  than 
the  latter;  that,  whilft  the  one  continued  un- 
altered, the  other  was  nearly  diflblved.  He 
found  the  fame  degree  of  difference  to  fubfift 
between  animal  and  vegetable  food,  and  conr 
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eluded  that  the  former  was  more  eafily  digefl> 
ed  than  the  latter. 

That  animal  or  vegetable  matter  is  more 
difficult  to  affimilate  whilft  it  retains  its  active 
and  living  properties,  than  when  they  are  di-r 
minifhed  or  loft,  is  proved  in  the  example  we 
frequently  behold  of  worms:  thefe  animals 
often  exift  in  the  ftomach  in  an  adive  and  in 
a  living  ftate,  refitting  the  operation  of  the 
digefKve  organ ;  on  the  contrary,  there  can 
be  no  doubt  but  that,  after  they  have'  been 
evacuated,  if  they  were  prepared  by  proper 
culinary  means,  they  would  then  eafily  he 
adted  upon  and  digefted.  It  is  owing  to  the 
fame  caufe  that  meat  in  a  crude  and  raw  ftate 
feems  more  difficult  to  be  digefted  than  after  it 
has  been  kept  for  fome  time ;  when  the  living 
and  prefer vative  properties  of  its  own  which 
it  contains  become  fo  far  weakened,  that  in-* 
ftead  of  refifting,  it  immediately  yields  to  the 
operation  of  the  gaftric  juice,  and  becomes  afli- 
milated  by  it.  It  is  with  a  view  to  this  circum- 
ftance,  that  we  are  in  the  habit  of  keeping 
meat  fome  time  after  it  has  been  killed,  before 
it  is  ferved  up  for  food  ;  that  mutton  and  ve- 
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nifon,  &c.  whilft  they  are  frefh  and  tough  (be- 
caufe  the  principle  of  life  binds  and  keeps 
all  the  parts  connected  together)  are  difficult 
ofdigeltion:  on  the  contrary,  that  they  are  raoft 
eafy  of  digeftion,  after  they  begin  to  lnfe  their 
prefervative  properties,  when  the  bond  of  their 
elementary  parts  is  loofened  ;  when  they  be- 
come confequently  tender,  their  latent  proper- 
ties made  lenfible,  and  impart  to  the  guftatory 
fenfe  a. gout,  or  high  flavour.  It  is  owing  to  the 
comparative  degree  of  weaknefs  by  which  the 
parts  of  young  animals  are  held  Jbefore  they 
have  been  properly  evolved,  that  they  are  more 
tender  and  more  eafy  to  be  digefted,  more 
abounding  with  imerftitial  fluid  or  gravy  (that 
very  fubftance  which  Mr.  Hunter  himfelf 
could  never  coagulate),  .than  the  flelh  of  the 
old.  This  is  more  efpecially  the  cafe  if  they 
are  lean  and  impoverifhed,  and  confift  of  liga- 
mentous matter  only  and  animal  fibres,  but  are 
deftitute  of  thofe  juices  which  feem  to  poflefs 
the  higheft  degree  of  aptitude  to  be  a&ed 
upon  by  the  ftomach,  and  confequently  to 
afford  nourifhment  to  the  fyftem ; — that  poflefs 
more  of  quality  than  of  quantity  ;  and  which 
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would  feem.  neceflary  for  the  proper  afTimi-» 
lation  of  the  more  folid  parts. 

1  he  power  of  the  gaftric  juice  to  aflimilateve- 
getable  matter,  is  proved  by  fads  equally  ftrong 
as  that  of  animal.  It  is  proved  by  the  whole  race 
of  Bramins,  who  live  upon  vegetables  alone  : 
there  feems,  however,  a  difference  in  the  de-. 
gree  of  aptitude  which  it  poffeffes  of  being 
acted  upon  and  converted. 

It  is  owing  to  the  vital  and  preferva- 
tive  properties  of  vegetables,  and  of  unripe 
fruits,  that,  inftead  of  being  acted  upon  by  the 
gaftric  juices,  they  generally  refill  their  opera- 
tion. We  all  know  the  morbid  effects  that 
are  produced  by  eating  unripe  grapes,  green 
plums,  young  currants,  &c.  &c.  &c.  al? 
though  when  they  have  arrived  a^t  maturity, 
when  their  vegetative  power  is  ended,  and 
when  they  are  even  verging  to  decay,  we 
then  find  that  they  prove  highly  nutritious 
and  wholefome.  So  important  indeed  does 
it  appear  that  the  bond  of  vegetable  and  of 
animal  matter  mould  be  loofened  either  by 
the  natural  procefs  of  vegetable  decay,  or 
more  efpecially  by  a  culinary  procefs,  that 
moft   of  {he  vegetable   fubftances  which 
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we  daily  receive  as  food,  are  found  in  their  raw 
fiate  particularly  obnoxious  to  the  human  frame, 
as  raw  potatoes,  raw  carrots,  &c.  &c* 

That  the  gaftric  juice  poffeffes  the  power  of 
animating  common  matter,  is  proved  by  fads 
equally  univerfal  and  ftriking.  It  is  proved 
by  experiments  made  on  fifti  that  have  been 
kept  in  clofe  velfels,  and  made  to  fubfift  on 
water  and  air  alone.  After  thefe  fubftances  had 
been  afllmilated,  and  formed  a  part  of  the  fyf- 
tem,  they  then  became  fufceptible  of  under- 
going the  procefs  of  putrefaction.    It  is  illuf- 

*  It  may  be  important  to  relate  a  fact  that  happened  at 
the  beginning  of  laft  war,  on  board  of  the  Blonde  frigate, 
foon  after  the  evacuation  of  Bofton  by  our  troops,  when 
there  were  no  frefh  provifions  to  be  procured,  and  fhe  was 
ordered  to  cruize  during  the  winter  months  off  the  more 
northern  coafts  of  America.    From  the  feverity  of  the 
feafon,  from  fatigue,  and  continued  ufe  of  fait  provifions, 
the  crew  were  feized  with  a  fcurvy  of  the  moft  malignant 
kind,  which  carried  off  many  of  them  every  day.  The 
furgeon,  an  intelligent  man,  alarmed  at  the  ravages  the 
difeafe  produced,  and  at  the  fame  time  deftitute  of  the 
ufual  means  by  which  it  could  be  alleviated,  at  length  dif- 
covered  that  there  were  fome  few  potatoes  on  board  ;  he 
prdered  fmall  flices  of  them  to  be  cut,  and  fmeared  over 
with  melaffes.    Thefe  were  given  to  the  men  ;  and  to  his 
aftonifhment,  the  mortality  not  only  ceafed,  but  thofe 
Who  were  ill  abfolutely  recovered. 
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trated  by  vegetables,  that  live  on  water  and  air 
alfo:  it  is  illuftrated  by  men  who  are  in  the 
habit  of  taking,  and  I  may  fay,  of  fubfifting 
upon  fpirituous  liquors  almoft  entirely. 

And  finally,  that  the  gailric  juice  poflfeffes 
the  power  not  only  of  killing  living,  but  of  re- 
animating dead  matter,  was  proved  by  fome  ex- 
periments made,  I  believe,  by  Mr.  Hunter  and 
Spallanzani.  They  thruft  pieces  of  putrid  flefh, 
tied  by  a  fixing,  into  the  ftomach  of  fome  dogs  ; 
and  after  leaving  it  fome  time  in  that  organ, 
they  withdrew  the  meat ;  and  found  upon 
examination,  that  from  being  offenfive  it  had 
become  fweet,  from  being  putrid  it  was  frefh 
again.  It  is  not  therefore  fufficient  for  the 
food,  by  the  organs  of  fenfe  to  have  been  fe- 
le&ed,  by  the  teeth  to  have  been  comminuted, 
by  the  mouth  to  have  been  mafiicated,  by  the 
falivato  have  been  blunted  and  blanded :  it  is 
by  the  atYive  energy  of  the  ftomach  alone,  and 
the  fluid  it  fecretes,  that  it  becomes  digefted 
and  aflimilated,  that  folid  food  is  reduced  to  a 
fluid  {tate,  that  it  becomes  killed  as  it  were, 
and  lofes  its  old  life,  and  then  is  animated 
anew,  receiving  from  the  living  power  of  the 
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gaftric,  the  participation  of  life  from  the  fyftem 
ito  which  it  is  applied*. 

When  this  effect  has  been  produced,  when 
aliment  has  been  converted  and  aflimilated,  it 
then  lofes  its  name,  and  receives  the  appella- 
tion of  chyle,  pofleffing  properties  totally 
different  from  the  fubftances  of  which  it  was 
formed.  If  it  were  made  out  of  the  moft  an- 
tifeptic  matter,  it  then  becomes  liable  to  pu- 
trefy ;  and  if  it  be  made  out  of  the  moft  putrid 
fubftances,  after  it  has  been  animalized  it  be- 
comes poffelTed  of  antifeptic  power  f . 

It 

*  That  the  food  we  receive  muft  be  killed  by  the  fto- 
mach  before  it  is  vivified  afrelh,  is  evident  from  hence  :  If 
it  retained  its  own  living  power  in  an  eminent  degree,  it 
is  poffible  to  conceive  that  it  might  inolculate  with  the 
ftomach,  inftead  of  being' digefted  by  it;  and  if  it  retained 
its  living  power  without  inofculating,  the  nature  of  that 
food  would  be  always  apparent :  we  fhould  participate  of 
the  quality  of  the  beafts  on  which  we  feed,  and  of  the  ve- 
getables alfo. 

f  No  doubt  can  exift,  that  the  pigs  which  grubbed 
their  way  into  the  ditch  which  enclofed  the  Cimetiere 
du  Couvent  des  Innocens  a  Paris,  and  which  were  fleek 
and  thin  before  they  went  in,  and  came  out  wallowing 
in  their  fat,  in  confequence  of  the  putrid  flefh  which 
had  been  there  for  years,  and  which  they  devoured  ; — no 
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It  is  by  the  power  which  the  ftomach  pofTek 
fes  of  fecreting  from  its  internal  furface  gaftric 
juice,  and  from  the  living  and  converting 
power  which  the  gaftric  juice  itfelf  contains, 
that  it  deftroys  the  fenfible  properties  of  the 
aliment  conveyed  to  it,  whilft  it  retains  its 
own  :  it  changes  things  external  to  itfelf,  with-r 
out  being  changed  by  external  things. 

In  the  infinite  multitude  of  fubftances  for 
food  which  we  employ,  no  doubt  can  exift  but 
that  fome  there  are  that  have  a  greater  apti- 
tude than  others  to  be  acted  upon  and  digefted, 

doubt,  I  fay,  can  exift,  but  that  their  flelh  poffeffed  prefer- 
vative  properties  in  as  eminent  a  degree,  as  if  they  had 
been  fed  upon  the  belt  hog-wafh  from  the  beft  dairy  in 
the  county  of  Surry.  There  is  not  a  cowflip  in  a  field, 
nor  a  peepee  corner  in  any  part  of  the  city,  but  which 
affords  the  mod  luxurious  nourishment  to  a  variety  of 
animals.  Although  the  food  they  devour  is  dead  and  putrid, 
the  fyftem  itfelf,  to  which  thefe  matters  afford  nouriftiment, 
poflefles  prefervative  properties  in  the  moft  eminent  degree. 
Nothing  indeed  can  be  a  ftronger  proof  of  the  truth  of  the 
principles  I  have  endeavoured  to  eftablifh,  than  that  in  the 
great  theatre  of  the  world,  corruption  feems  to  be  the  ma- 
trix for  animation — not  that  animation  arifesout  of  corrup- 
tion, but  that  corruption  which  is  produced  after  different 
animated  fyftems  hav>":  attained  and  fulfilled  the  final  caufe 
of  their  exiftence,  becomes  the  proper  food  for  the  evo- 
lution of  a  new  race. 
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and  that  consequently  more  readily  afford 
nourifhment  and  fupport  to  the  animated 
fyftem,  in  many  cifcumftances,  brandy  and 
wine  more  than  milk  or  water,  and  animal 
food  more  than  vegetable*  It  is  however  to 
thefe  feveral  clafles  of  things  in  particular, 
which  are  fufceptible  of  converfion  by  the 
fyftem  to  which  they  are  given,  that  the  title 
of  Nutrientia  ought  to  be  applied ;  the  cor- 
dial and  nutritious  effects  they  impart,  depend- 
ing altogether  upon  the  relation  of  aptitude 
which  they  bear  to  the  affimilating  power  of 
the  ftomach. 

That  they  poffefs  nothing  abfolutely  (in  the 
abftract)  nutritious  in  themfelves,  but  only 
with  relation  to  the  animated  fyftem,  is  evi- 
dent from  this,  that  they  neither  produce  a 
cordial  nor  a  nutritious  effect  during  a  ftate  of 
fyncope,  or  of  fufpended  animation.  It  is 
only  when  the  nervous  energy  continues  in 
force,  or  when  it  returns  after  having  been 
fufpended,  that  the  different  articles  of  food 
produce  a  falutary  or  beneficial  effect  to  the 
animated  frame. 

When  the  ftomach  has  not  the  power  of  af- 
fimilating the  food  it  receives,  either  the  food 
I  retains 
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retains  its  own  properties,  or  undergoes  the 
fame  changes  in  the  ftomach^  as  it  is  prone  to 
do  out  of  it ;  or  elfe  it  acts  upon  the  ftomach, 
inftead  of  being  acted  upon  by  the  ftomach ; 
and  a  cauftic  and  poifonous  effed:  is  thus  pro- 
duced. It  is  owing  to  the  prefer  vative  pro- 
perty which  particular  fubftances  poflefs,  that 
they  refift  the  action  of  the  ftomach  altogether, 
and  therefore  are  deftitute  of  every  nutritious 
quality  whatever ;  and  continue  in  the  or- 
gan in  a  dormant  ftate  fo  long  as  they  are 
deftitute  of  any  fenfible  or  active  qualities. 
For  example,  a  globule  of  mercury,  and  pieces 
of  different  metals  may  continue  in  the  ftomach 
for  a  confiderable  time  without  benefit  or  de- 
triment to  the  fyftem :  but  if  a  quantity  of 
acid  were  introduced,  and  the  folution  of  the 
metal  effected  ;  the  compound  that  would  be 
formed,  inftead  of  continuing  paflive  and  dor- 
mant, as  the  metal  alone  does  in  its  fimple  ftate, 
the  compound  that  was  formed  would  act  up- 
on the  ftomach  by  virtue  of  its  chemical  (or 
fenfible)  qualities ;  and  either  excite  the  con- 
traction of  its  mufcular  coat,  in  order  that  the 
deleterious  fubftance  might  be  expelled,  or  elfe 
it  would  act  upon  the  part  in  which  it  was  in 
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contact,  corrode  and  deftroy  it,  and  thus 
produce  a  cauftic  or  poifonous  effect.  Thus 
then  it  is  that  we  have  the  diftinguiming  cha- 
racteriftics  of  different  fubftances,  known  by 
particular  names. 

Of  aliment,  or  fuch  things  that  are  eafily 
affimilated  by  the  ftomach,  without  the  fto- 
mach  being  acted  upon  by  them. 

Of  condiment,  or  fuch  things  that  poffefs 
quantity  without  quality,  that,  without  offend- 
ing from  their  quantity,  are  deftitute  of  any 
quality  by  which  they  can  be  affimilated. 

Of  medicines  that  act  upon  the  ftomach 
whilft  they  are  at  the  fame  time  a&ed  upon 
by  it. 

Of  poifons,  that  not  only  refill  altogether  the 
a&ion  of  the  ftomach,  but  poffefs  the  power 
of  acting  upon,  corroding  and  deftroying  its 
fabric,  either  from  qualities  chemical — from 
quantity  mechanical — or  both. 

It  is  owing  to  the  particular  mode  of  irri- 
tation which  particular  medicines  produce  up- 
on the  ftomach,  and  the  change  which  the 
ftomach  itfelf  confequently  fuftains,  that  an- 
timonium  tartarizatum  is  found  generally  to 
produce  emetic  effects.    On  the  contrary,  why 
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rhubarb,  jalap,  fcammony,  gambouge",  colo 
cynth,  and  the  different  rcfinous  and  metallic 
fubftances  chemically  combined,  inftead  of 
an  emetic  *,  generally  produce  a  cathartic  effect. 
And  finally,  it  is  owing  to  the  nature  of  fpeciflc 
poiforis  alfo,  that  they  have  their  fpecific  mode 
of  irritation  and  of  destruction.  I  have  open- 
ed three  patients  that  had  been  poifoned  with 
hemlock  f .  It  generally  produced  moft  vio- 
lent vomiting  and  purging,  and  diffolution 
in  a  few  hours  was  the  confequence.  I 
found  different  portions  in  the  ftomach  maf- 
ticated,  but  otherwife  unchanged  ;  whilft,  on 
the  contrary,  the  ftomach  itfelf  was  generally 
covered  with  a  number  of  purplifh  fpots  like 
vibices. 

The' unhappy  victims  that  had  fallen  a  prey 

*  It  is  an  obfervation  made  by  Dr.  Webfter  in  his 
Facts  and  Obfervations,  &c.  "  that  the  ftomach  may  be 
put  into  a  ftate  more  orlefs  fufceptible  of  a  particular  im- 
preflion.  Mercury,  whether  adminiftered  internally  or 
externally,  feems  to  render  it  more  fenfible  to  that  of  the 
bark  in  ague,  of  fquill  in  dropfy,  of  opium  in  fyphilis,  and 
of  electricity  in  various  difeafes." 

f  In  the  cafes  to  which  I  allude,  the  hemlock  had  been 
eaten  through  miftake  :  it  was  fuppofed  to  have  been  a 
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to  the  effects  of  arfenic  have  been  more  nume- 
rous. In  all,  the  burning  and  lacerating  pain  it 
produced  was  raoft  exceffively  excruciating ; 
the  thirft  was  moft  exceffive,  the  tongue  and 
throat  were  parched  with  heat;  the  limbs  were 
frequently  convulfed  ;  the  refpiration  gene- 
rally frequent ;  the  furface  of  the  body  con- 
fiderably  diftended  and  fwelled. 

Although  it  commonly  happens  that  a  portion, 
of  the  poifon  is  evacuated,  a  quantity  generally 
remains  either  in  the  ftomach  or  in  the  intef- 
tines  within  the  folds  of  the  valvulse  conniven- 
tes.  Marks  of  inflammation  are  for  the  moft 
part  vifible;  increafed  quantities  of  mucus, 
fometimes  purulent  matter,  and  frequently 
fphacelated  fpots  are  apparent ;  and  the  whole 
fabric  of  the  ftomach  is  fo  extremely  foftened 
that  it  is  eafily  torn  through.  Thefe  poifons, 
and  others  of  a  fimilar  kind,  we  have  no  means 
of  correcting  or  rendering  abortive  :  the  only 
method  that  can  be  adopted  is  plentiful  dilution 
with  mucilaginous  and  oily  fluids,  with  a 
view  of  fheathing  the  furface  of  the  organs 
from  the  immediate  contact  of  the  offending 
caufe,  and  to  ferve  as  a  vehicle  by  which  it  may 
vol.  a.  Z  be 
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be  expelled :  to  abate  inflammation,  to  foothe 
pain  by  external  fomentations,  and  to  endea- 
vour to  evacuate  the  poifon  from  the  fyftem. 

There  is  however  a  large  clafs  of  mineral 
fubftances,  that  prove  highly  poifonous  either 
in  their  native  ftate,  as  the  cauftic  alcalis, 
or  as  many  of  the  different  mineral  acids, 
either  fimply,  or  when  combined  with  metals; 
and  where  the  activity  of  the  poifon  may  be 
weakened  and  neutralized — alcalis  by  acids — 
acids  by  alcalis.  I  recoiled:  a  cafe  fome  time  ago, 
to  which  I  was  called,  where  a  moft  amiable 
and  refpectable  woman  in  a  pregnant  ftate, 
the  mother  of  a  numerous  familv,  took  three 
large  tea  fpoon-fulls  of  white  precipitate  by 
miftaking  it  for  magnefia.    Cholera  morbus 
was  immediately  produced,  and  a  portion  of 
it  was  no  doubt  evacuated  :  a  burning  pain 
in  the  mouth,  throat,  cefophagus  and  ftomach, 
however,  continued.    I  made  her  dilute  moft 
plentifully  with  warm  water,  giving  her  fre- 
quent dofes  of  foap  in  a  ftate  of  folution. 
After  having  endeavoured  to  evacuate  as  much 
of  the  poifon  as.  could  be  done,  inflammation 
however  took  place  to  a  certain  extent,  fol- 
lowed. 
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lowed  by  falivation.  I  am  happy,  notwith- 
ftanding,  to  fay,  that  abortion  did  not  enfue, 
and  that  me  perfectly  recovered  *. 

It  is  not  the  introduction  of  particular  mi- 
neral poifons  alone  that  impede  and  deftroy 
the  digeftive  power  of  the  ftomach.  The  di- 
geftive  functions  of  the  ftomach  are  impair- 
ed by  taking  in  excefs  lome  of  thofe  fub- 
ftances  which  prove  fo  very  falutary  to  the 
fyftem  when  taken  in  moderation.    I  mall 

*  The  miflake  arofe  from  a  caufe  that  cannot  be  too 
generally  known,  in  order  that  it  may  not  be  again  in- 
curred. She  fent  her  footman  (an  IriihmanJ  to  a  che- 
mift,  where  he  had  been  before  for  the  fame  article,  for  a 
quantity  of  magnefia.  The  fellow  forgot  the  name,  and 
aflced  for  white  precipitate.  It  was  therefore  mixed  up 
with  water,  under  the  fuppofition  of  being  magnefia.  The 
lady  obferved  at  the  time,  that  it  was  very  heavy,  and 
mixed  badly.  It  was  however  fwallowed,  and  the  error 
detected  by  the  effects  produced.  It  is  wonderful  what 
miftakes  are  committed  by  men  unaccuftomed  to  the 
names  and  properties  of  medicine,  and  how  cautious 
people  in  general  ought  to  be,  when  they  fend  for  any 
medicine  whatever.  I  recollect  a  gentleman  fending  for 
two  ounces  of  tartar  emetic  inilead  of  two  ounces  of 
cream  of  tartar.  Fortunately  for  him,  the  quantity  was  fo 
confiderable  that  it  could  not  be  procured  in  the  country 
town  in  which  he  refided.  Had  it  been  in  London,  the 
event  would  probably  have  proved  fatal  to  him. 
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not  at  prefent  trace  the  progreffive  changes 
which  the  ftomach  is  made  to  undergo  from 
the  conftant  and  habitual  introduction  of  fpi- 
rituous  liquors,  and  the  ultimate  effect  which 
they  have  upon  the  fyftem  at  large.    I  mail 
merely  ftate  the  poifonous  and  moribund  effect 
that  a  large  quantity  produced  when  fuddenly 
taken.  Seven  brickmakers,  who  were,  as  I  was 
informed,  in  perfect  health  before,  after  their 
work,  adjourned  to  a  public  houfe  in  the  neigh- 
bourhood, and  drank  a  large  quantity  of  fpirits. 
(I  could  not  have  the  precife  quantity  as- 
certained.)   After  leaving  the  public-houfe, 
they  went  into  the  field  where  they  ufed  to 
work,  and  which  was  contiguous  to  it,  and 
flept  on  a  quantity  of  ftraw.   Early  in  the  en- 
fuing  morning  they  were  difcovered.    It  was 
however  found  impoflible  to  roufe  five  of 
them,  although  every  effort  was  made  for  that 
purpofe.    They  therefore  fell  victims  to  the 
active  power  of  the  fpirit,  and  the  relative 
weaknefs  of  the  fyftem  to  refift  its  operation. 
The  other  two  had  fome  fmall  veftiges  of  vital 
action  remaining,  manifefted  by  a  very  flow 
and  al  mo  ft  infenfible  refpiration ;  by  apulfe  very 
low  and  indiftinct :  the  fenfibility  of  the  fyf- 
tem 
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tern  was  fufpended,  and  the  furface  of  the  body- 
was  perfedly  cold.  I  immediately  ordered  fric- 
tion to  the  whole  furface  ;  I  inflated  the  lungs, 
and  at  length  got  down  a  quantity  of  warm 
water,  with  a  view  of  diluting  the  concentrated 
ftate  of  the  fpirit  which  the  ftomach  contained. 
By  thefe  means  the  circulation  became  re- 
ftored — the  ftomach  difcharged  its  contents, 
and  both  the  men  recovered. 

Thefe  wrere  the  effects  that  enfued  in  confe- 
quence  of  the  fudden  introduction  of  fpiritu- 
ous  liquors  into  the  ftomach.  The  operation 
they  produced  was  not  by  caufing  indirect: 
debility  through  the  medium  of  excitement, 
and  thereby  exhaufting  the  excitability  of  the 
fyftem,  according  to  the  Brunonian  doctrine. 
On  the  contrary,  they  produced  debility  by 
preventing  excitement ;  they  abolifhed  excita- 
bility before  excitement  could  begin.  This 
was  the  lot  that  fell  to  the  author  of  the  fyf- 
tem himfelf,  when  he  put  it  in  practice  on 
himfelf ;  he  was  found  fnoring  away  his  laft 
breath  under  the  immediate  operation  of  his 
molt  dimifible  ftimuli,  or  life-producitig  caufes. 
Poifons,  therefore,  are  not  merely  the  negative 
but  the  very  oppofite  to  aliment,  not  merely  in 
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not  pofleffing  the  aptitude  to  call  forth  the 
action  of  the  ftomach,  to  be  acted  and  alTimi- 
lated  by  it,  and  thereby  conferring  nourifti- 
ment  to  the  fyftem :  but  they  are  the  very  re- 
verfe  of  this  in  their  operation  ;  they  not  only 
do  not  afford  it  nourifhment,  but  they  prevent 
its  action  by  impairing  or  deftroying  the  or- 
ganization of  the  parts,  producing  death  either 
mediately  through  difeafe,  or  immediate  death. 

It  is  not  thefe  various  fubftances  alone  that 
weaken  and  deftroy  the  digeftive  power  of  the 
jftomach:  it  is  weakened  and  deftroyed  by  men- 
tal exertion  in  excefs  and  corporeal  fatigue. 
That  corporeal  fatigue  has  a  tendency  to  weak- 
en and  to  impede  the  digeftive  procefs,  is  evi- 
dent from  the  collected  obfervations  of  every 
one.  It  has  however  been  proved  in  a  very  de- 
cided manner  by  ProfefTor  Harwood.  He  had 
two  dogs  of  the  fame  fpecies,  that  were  in  the 
plenitude  of  health,  and  which  he  fed  in  the 
fame  way.  After  having  given  them  a  plentiful 
meal,  one  of  them  was  left  at  home,  laid  down 
before  the  fire,  and  fell  alleep.  The  other  was 
taken  out  and  hunted  for  a  few  hours.  As  foon 
as  it  returned  home,  both  dogs  were  killed,  and 
their  ftomachs  examined.    The  dog  that  had 
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been  afleep  had  the  food  digefted.  On  the  con- 
trary, the  food  in  the  ftomach  of  the  one  that 
had  been  hunted  was  found  undigefled,  and 
nearly  in  the  fame  condition  as  it  was  when 
firft  introduced. 

Of  the  Sympathetic  Ajfeclions  of  the  Stomach. 

It  is  impoffible  to  behold  the  relation  that 
fubfifts  between  the  food  and  the  ftomach,  be- 
tween the  ftomach  and  the  mind,  without 
lamenting  the  ignorance  we  poffefs  of  the 
nervous  fyftem,  and  the  dependence  that  fub- 
fifts between  the  nerves  that  are  diftributed 
upon  particular  organs  and  the  brain,  to  which 
they  feem  in  a  confiderable  degree  fubfer- 
vient.  No  doubt  can  fubfift  but  that  the 
falivary  glands  fympathize  at  particular  times 
with  the  organs  of  fenfe,  and  the  ftomach 
itfelf  with  the  falivary  glands,  producing 
to  the  mind  either  defire.or  averfion,  the 
appetite  of  hunger,  or  loathing  and  naufea. 
That  there  is  a  larger  quantity  of  gaftric  juice 
fecreted  when  the  mind  is  in  a  ftate  of  hilarity 
and  contentment,  than  when  it  is  depreffed  or 
opprefled,  is  evident  from  the  variety  we  be- 
hold in  the  act  of  digeftion.   In  the  one  cafe, 
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the  afTimilating  procefs  takes  place  in  a  very 
regular  and  perfect  manner ;  in  the  other,  it  is 
effected  imperfectly  and  inefficiently.  Al- 
though the  food  may  have  been  fo  far  acted 
upon  as  to  have  had  its  prefervative  powers 
weakened,  it  has  not  received  in  a  fufficient 
degree  the  living  power  of  the  gaftric  juice.  If 
it  be  vegetable  food,  it  ferments  and  turns  four ; 
if  it  be  animal  matter,  it  putrefies  and  becomes 
offenfive  :  and  from  both  there  is  a  quantity  of 
gafeous  matter  extricated,  which  diftends  the 
ftomach,  and  is  generally  expelled  by  the 
procefs  of  hiccuping.  A  certain  tefr,  I  fay, 
that  the  food  has  been  killed,  and  loft  its  own 
prefervative  properties,  without  having  been 
affimilated  and  vivified  anew.  This  effect  is 
generally  produced  from  the  introduction  of 
improper  aliment,  or  from  the  weak  ftate  of 
the  ftomach,  although  food  may  have  been 
taken  that  at  other  times  proved  falutary,  and 
was  with  facility  digefted. 

It  appears  that  the  digeflive  powers  of  the 
ftomach  are  not  only  impaired  and  fufpended 
by  the  increafed  energy  of  the  mind  and  body, 
but  it  feems  that  its  very  powers  of  retention 
are  either  weakened  or  loft  by  the  fympathy 
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which  it  poueiTes  with  the  mind  through  the 
medium  of  the  organs  of  fenfe.  I  witnefled 
this  lately  upon  a  very  grand  and  extended 
fcale,  in  which  I  was  a  fellow  fufferer.  A 
party  of  landmen  in  attempting  to  fee  the 
Dutch  prizes  at  the  Nore,  were  overtaken  with 
a  fmart  wind  and  a  rough  fea.  After  having 
eaten  very  plentifully,  we  all  continued  perfectly 
well,  until  one  unfortunate  gentleman,  whofe 
ftomach  was  more  irritable  than  the  reft,  began 
to  difcharge  its  contents.  The  fympathetic  ef- 
fect was  foon  propagated  far  and  near,  and  I 
may  fay  with  truth,  there  never  exilted  a 
fet  of  more  fickly  wretches  that  ever  went  on 
fhip-board.  That  this  was  the  conlequence  of 
fympathy  was  apparent,  from  the  fame  effect: 
having  happened  to  nearly  all  from  the  opera- 
tion of  one  and  the  fame  caufe.  It  would  how- 
ever appear,  that  by  habit  the  fufceptible  irri- 
tability of  the  ftomach  becomes  confiderably 
weakened,  and  its  ftrength  greatly  increafed. 
Hence  it  was,  that  the  few  who  had  been  ac- 
cuftomed  to  the  fea  were  not  only  not  fea-fick, 
but  they  felt  the  fame  cravingfor  food  that  they 
had  all  along  manifefted.  Happy  men  !  to  be 
able  to  refift  the  caufes  that  produce  a  difeafe 
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which  enervates  the  mind  and  weakens  the 
body  more  perhaps  than  any  other  that  can  be 
mentioned ;  which  fufpends  and  paralyfes  the 
courage  of  the  brave,  and  makes  cowards  of  the 
timid ;  that  chills  the  warmth  of  friendfhip,  and 
finks  into  oblivion  the  fond  parent's  care  ;  that 
renders  the  mifer  forgetful  of  his  wealth,  the 
fpendthrift  of  his  prodigality.  Happy  men, 
I  fay,  to  have  overcome  a  difeafe  that  renders 
all  who  are  feverely  afflicted  with  it,  unmind- 
ful whether  the  veffel  finks  or  fwims,  and  in- 
different in  their  choice  whether  to  fieep  or 
die. 

The  ftomach  frequently  fympathifes  with 
the  organs  of  fenfe,  whether  it  arife  from  dis- 
agreeable flavours  imprefled  upon  them,  or 
other  impreflions  producing  naufea  and  vomit- 
ing. It  is  not  the  motion  of  a  fhip  alone,  but 
that  of  a  carriage,  of  a  fwing,  &c.  &c.  See.  that 
produce  this  efFed:.  We  know  that  the  modi- 
fications of  averfion,  as  fear,  anger,  fhame,  and 
grief,  inrtantly  impair  the  keennefs  of  the  ap- 
petite, and  often  occafion  ficknefs,  tremors, 
flufhings,  weepings,  6cc.  ;  on  the  contrary, 
that  the  modifications  of  defn  e,  as  hope,  com- 
placence, and  joy,  improve  the  appetite,  pro- 
mote 
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mote  digeftion,  and  increafe  ftrength.  Such,  - 
indeed,  is  the  univerfal  fympathy  which  the 
ftomach  poffeffes  with  the  fyftem  in  general, 
that  no  part  of  it  is  affected  without  the  flo- 
mach  being  influenced  by  it.  I  have  known  the 
very  idea  of  taking  a  vomit  of  ipecacuanha 
produce  the  action  of  vomiting  in  a  powerful 
degree.  We  all  know,  and  too  often  feel, 
the  violent  pain  of  the  head,  from  the  action 
of  indigefied  matter  upon  the  ftomach.  It  is 
therefore  neceffary  for  me  to  point  out  the 
nature  of  the  nerves,  as  the  agents  by  which 
thefe  effects  are  produced,  and  through  which 
the  functions  of  the  ftomach  become  ftrength- 
ened  and  perfected — weakened  or  exhaufted. 

Of  the  Nerves  of  ihe  Stomach,  &c. 

i 

The  ftomach  is  fupplied  with  nerves  from 
the  par  vagum  and  intercoftal.  The  par  va- 
gum  arife  from  the  brain,  pafs  through  the 
balls  of  the  fkull  along  with  the  internal  jugu- 
lar veins ;  they  are  diftributed  to  the  tongue, 
cefophagus,  larynx,  heart,  and  lungs ;  and' 
running  on  each  fide  of  the  oefophagus,  may- 
be faid  to  terminate  in  the  ftomach,  liver,  and 
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femilunar  ganglion  of  the  intercoftals,  below 
„the  diaphragm,  from  whence  they  are  again 
diftributed  to  the  vifcera  of  the  abdomen. 
The  intercoftals  alfo  arife  from  the  balls  of. 
the  brain,  pafs  through  the  bafis  of  the  fkull 
along  with  the  carotid  arteries.  They  at  firft 
run  by  the  fore  part  of  the  vertebra  of  the 
neck,  (till  adhering  to  the  coats  of  thofe  ar- 
teries ;  but  having  reached  the  cheft,  they 
leave  thefe  arteries,  and  run  before  the 
heads  of  the  ribs,  where  fending  off  branches 
which  pafs  between  the  ribs,  they  have  thence 
been  named  intercoftal.  Several  of  thefe 
branches  uniting  form  a  trunk  on  each  fide, 
which  running  forward  towards  the  middle  of 
the  fpine,  perforates  the  diaphragm,  and  then 
terminates  in  the  femilunar  ganglion  of  the 
intercoftals.  Thefe  trunks  are  difringuiihed 
by  the  name  of  the  anterior  intercoftals  ;  the 
original  trunks  continue  their  courfe  by  the 
fide  of  the  lumbar  vertebra*  j  after  which  they 
run  before  the  facrum,  and,  approaching  nearer 
to  each  other  as  they  defcend,  terminate  before 
the  os  coccygis  on  the  ganglion  coccygeum  im-> 
par  of  Walther,    Thefe  branches  all  go  to  the 

heart, 
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heart,  abdominal  vifcera,  tefticles  in  men,  and 
ovaria  and  uterus  in  women 

There  have  been  various  experiments  made 
by  Dr.Haighton,  Mr.  Cruickfhank,  and  others, 
on  the  nerves  that  go  to  the  ftomach  of  differ- 
ent dogs.  The  refults  of  thefe  experiments 
evidently  {hew,  that  not  only  the  action  of 
the  ftomach  as  a  digeftive  organ  depends  in  a 
great  meafure  on  the  energy  of  thefe  nerves ; 
but  that  the  action  of  the  vital  machine  becomes 
fufpended  and  exhaufted,  when  the  connection 
that  ought  to  exift  between  the  organs  of  fen- 
fation  and  confcioufnefs  is  cut  off,  and  "the 
organs  of  vitality,  or  thofe  that  are  deftined 
to  fupport  the  functions  of  the  whole. 

Exper.  3,  by  Dr.  Haighton.  A  dog  being 
procured  and  fecured,  a  convenient  incifion 
was  made  on  the  fore  part  of  the  neck,  and  one 
of  the  nerves  of  the  eight  pair  was  divided. 

*  I  am  indebted  to  Mr.  Cruickfhank  for  this  perfpicuous 
defcription  of  thefe  nerves,  and  have  followed  the  order 
in  which  he  has  defcribed  therri;  although  it  perhaps  would 
have  been  more  correft,  had  he  ftated  that  they  originate 
from  thefe  different  vifcera,  Sec.  and  finally  terminate  in 
the  bafis  of  the  (kull. 
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He  became  morofe,  but  preferved  his  appetite. 
After  alapfe  of  three  days,  the  other  branch 
was  divided.  He  immediately  became  reftlefs 
and  uneafy,  betraying  fymptoms  of  great  dif- 
treis  upon  the  ftomach,  with  palpitation  and 
tremor,  until  the  fourth  day,  when  he  died. 

Exper.  i.  Another  dog  was  procured  :  in- 
ftead  of  the  nerves  being  divided  feparately, 
they  were  cut  off  at  once,  and  the  utmoft  fymp- 
toms of  diftrefs  upon  the  ftomach  came  on, 
which  were  propagated  to  the  whole  frame, 
and  in  eight  hours  he  died  *. 

It 

*  Thefe  experiments,  which  are  detailed  in  the  Philo- 
fophical  Tranfactions  for  1795,  were  made  with  a  view  of 
proving  that  nerves  had  the  power  of  reproducing  them- 
felves  after  having  been  divided,  and  of  recovering  the  en- 
ergy which  they  in  confequence  loft.  This  Dr.  Haighton 
has  proved  in  a  very'  clear  and  decided  manner.    In  one 
experiment,  after  having  divided  one  of  the  nerves  of  the 
eight  pair  without  much  derangement  to  the  ftomach,  he 
waited  the  lapfe  of  nine  days,  and  cut  the  other.  The  dog 
loft  his  appetite,  and  would  take  milk  alone  in  fmall  quan- 
tities, which  always  produced  indigeftion  and  great  uneafi- 
nefs ;  he  became  very  much  emaciated,  and  in  thirteen  days 
died:  that  is,  he  furvived  twelve  days  and  twelve  hours 
longer  than  the  dog  in  whom  both  nerves  were  cut  oft  at 
once. 

In 
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It  is  impoflible  to  behold  thefe  facts  without 
afcribing  to  the  nerves  a  primary  office  in  the 
fundions  of  fecretion  and  of  digeftion,  and  to 

deny- 
In  another  experiment  he  waited  the  lapfe  of  fix  weeks 
between  the  divifion  of  the  firft  and  fecond  branch.  The 
dog  bore  the  divifion  of  the  fit  ft  very  well ;  but  when  the 
fecond  branch  was  feparated,  he  became  evidently  difor- 
dered,  but  far  lefs  in  degree  than  in  the  former  cafe.  He 
refufed  folid  food,  but  took  milk,  and  the  actions  of  the 
ftomach  were  for  a  long  time  confiderably  impaired',  and 
conftantly  haraffed  with  fymptoms  of  indigeftion.  It  was 
more  than  one  month  from  the  fecond  operation,  before 
jhe  could  eat  food  of  a  folid  kind.  Inftead  of  dying,  as 
the  former  dog,  in  fix  months,  he  recovered  his  health. 
The  animal  was  kept  nineteen  months,  during  which 
period  he  faithfully  performed  the  important  office  of  a 
watch-dog. 

It  was  not  the  functions  of  the  ftomach  alone  that  re- 
turned i  but  the  recurrent  branch  of  the  eight  pair  which 
are  the  true  vocal  nerves  having  been  cut  through,  he 
confequently  loft  his  voice  ;  but  in  proportion  as  his 
general  health  improved,  his  voice  returned,  and  in  fix 
months  time  he  could  bark  as  ftrongly  as  before,  and  the 
pitch  of  his  voice  was  confiderably  raifed.  The  caufe 
of  this  recovery  would  therefore  fesm,  prima  facie,  to  have 
arifen  from  the  divided  nerve  having  been  reproduced, 
and  the  action  which  it  had  loft,  confequently  recovei-ed 
through  the  medium  that  was  formed.  I  fay,  prima  facie 
proved  by  the  ftomach  having  recovered  its  functions.  It 
was  further  proved  negatively  alfo. 

The 
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deny  that  it  is  through  them  that  a  fympathetic 
connection  is  preferved  between  the  ftomach 
and  the  brain, — between  the  different  prepara- 

The  dog  upon  which  the  fccond  pair  of  nerves  had 
been  divided,  nineteen  months  after  the  firft,  being  flill 
in  Dr.  Haighton's  pofleffion,  he  cut  through  them  both 
in  immediate  fucceflion.  The  ufual  fymptoms  were  im- 
mediately produced,  and  continued  until  the  fccond  day, 
when  the  dog  died.  On  examining  after  death  the  fabric 
of  the  new  fubftance,  it  appeared  to  be  of  a  harder  quality 
than  the  original  nerves,  fomewhat  fimilar  to  a  ganglion, 
and  confiderably  thicker  than  the  branches  between  which 
it  was  interpofed. 

This  re-union  of  the  nerves  was  obferved  alfo  by  Mr. 
Cruickfhank  in  fome  experiments  which  he  performed 
upon  the  par  vagum  and  intercoftal.  The  dog  furvived 
the  divifion  of  one  branch,  but  died  on  the  feventh  day  af- 
ter the  fecond  had  been  cut  through.  The  nerves  which 
had  been  firft  divided,  and  which  feparation  had  only  hap- 
pened feventeen  days  (from  January  25,  1776,  to  Febru- 
ary 10) j  appeared,  fays  Mr.  Cruickfhank,  united  by  a  fub- 
ftance of  the  fame  colour  as  the  nerve,  but  not  fibrous ; 
and  the  extremities  formed  by  the  divifion  were  ft  HI  di- 
ftinguiflied  by  fwellings  rounded  in  form  of  ganglions. 
The  fame  appearance  had  taken  place  with  refpe6t  to  the 
nerves  of  the  left  fide  (of  thofe  that  had  been  divided  ten 
days  only  before  the  animal's  death),  though  the  divided 
extremities  feemed  to  have  been  full  two  inches  apart ; 
the  uniting  fubftance  was  more  bloody  than  that  of  the 
other  fide, 
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tory  organs  we  have  already  defcribed,  and 
thofe  that  are  deftined  to  complete  the  di- 
geftive  procefs. 

It  is  probable  that  in  vegetables  and  in  the 
loweft  order  of  animals,  the  quantity  of  food 
they  receive  correfponds  to  the  wants  and  wafte 
of  their  refpective  fyftems,  and  to  the  power 
of  the  crgans  by  which  that  food  is  affimilated. 
On  the  contrary,  in  the  higher  order  of  brutes, 
and  efpecially  of  man  when  he  acts  like  a  brute, 
fuch  is  the  appetite  they  poffefs,  that  they  are 
frequently  led  to  take  not  only  fubftances  that 
are  totally  unapt  and  unfit  to  be  acted  upon  or 
digefted,  but  to  devour  a  much  larger  quan- 
tity than  is  either  neceflary  for  the'fupport  of 
the  fyftem,  or  than  the  limited  power  of  the 
digeftive  organs  can  affimilate.  A  neceffity 
evidently  appears  for  the  exiftence  of  aux- 
iliary organs,  with  a  view  of  affording  to 
the  ftomach  a  larger  quantity  of  blood  for 
the  formation  of  gaftfic  juice  ;  and  finally,  as 
the  means  of  feparating  the  digefted  from  the 
undigested  parts  of  the  aliment,  the  chylous 
from  the  faeculent.  If  the  whole  of  the  food 
which  the  ftomach  receives  were  perfectly  af- 
fimilated, and  chyle  fubfifted  in  the  ftomach 
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purely  and  individually,  abforption  might  take 
place  from  the  ftomach  immediately,  and  there 
would  be  no  neceflity  for  the  exiftence  of  the 
inteftinal  canal.  Since  however  it  is  a  fact  that 
chyme  does  exift  in  the  ftomach,  faeculent  mat- 
ter with  chylous,  undigefted  with  digefted,  the 
neceflity  rauft  evidently  appear  for  the  exift- 
ence not  only  of  the  inteftinal  canal,  but  of 
particular  organs  that  produce  particular  fluids, 
that  pofTefs  the  power  of  producing  feparation 
between  Ipoth,  fo  •  that  the  pure  chyle  may  be 
immediately  applied  to  the  furface  of  the  in- 
teftinal canal,  and  be  abforbed  by  the  lacteal 
veftels,  and  the  feculent  parts  expelled  out  of 
theN  fyftem  as  excrementitious  and  foreign. 
The  whole  forms  one  mafs  of  a  pappy  or  pul- 
taceous  confidence,  of  a  greyifh  colour,  ftreak- 
ed  with  a  white  fluid,  and  is  called  chyme. 
Chvmc  therefore  confifts  of  chyle  or  aliment 
digefted  with  food  imperfectly  aflimilated,  or 
which  is  totally  unaltered.  The  whole  is  pro- 
greffively  propelled,  by  the  mufcular  coat  of 
the  ftomach,  through  the  pyloric  extremity  of 
that  organ,  into  the  duodenum.  I  am  there- 
fore led  to  enquire  into  the  fabric  of  the  in- 
teftinal canal,  as  the  part  in  which  thofe  acts  of 
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feparation  take  place  ;  of  the  pancreas  and 
liver,  as  the  organs  that  are  efpecially  deftined 
to  prepare  particular  fluids,  by  means  of  which 
the  feculent  parts  of  the  food  are  feparated 
from  the  chylous  ;  and  finally,  of  the  fpleen, 
by  which  thofe  different  organs  are  fupplied 
with  a  more  abundant  quantity  of  blood,  when 
their  actions  are  prsetematurally  excited. 
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C  H  A  P.  X. 

OF  THE  PANCREAS. 

Its  fit  nation— how  fupplied  ivith  blood— its  fabric  deferred— 
proved  to  be  a  fecretory  organ — this  fecretory  power  fotne- 
times  paffive—fometimes  ablive — when  atlive  it  forms  the 
pancreatic  juice — its  fenfible  quality  afcertdined  by  ana/yjis 
■ — how  and  where  conveyed — its  life. 

E  pancreas  is  fituafed  tranfverfely  acrofs 
the  fpine,  extending  from  the  fpleen  to  the 
left  as  far  as  the  right  curvature  of  the  fto- 
mach,  and  lies  immediately  under  that  organ. 
It  is  principally  fupplied  with  blood,  as  I  before 
©bferved,  through  the  medium  of  ramifications- 
from  the  fplenic  trunk,  not  from  this  fource 
alone.  The  right  portion  of  the  pancreas  re- 
ceives ramifications  from  the  fuperior  mefen- 
teric,  and  right  gaftric  epiploic  arteries  alfo. 
Thefe  veffels,  after  entering  the  fabric  of  this- 
organ,  have  two  modes  of  termination  into  an 
exhalant  outlet,  and  a  returning  vein  :  into  an- 
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cxhalant  outlet,  not  only  for  the  purpofe  of 
affording  it  nourifhment,  but  with  a  view  to 
its  fecretory  office. 

The  feat  in  which  this  fecretory  power  refides, 
appears  to  be  in  a  number  of  fmall  cells  with 
which  the  pancreas  abounds.  It  would  feem 
that  the  fpecific  power  of  the  pancreas,  like  that 
of  the  falivary  glands,  is  fometimes  in  a  dor- 
mant, fometimes  in  an  active  ftate.  The  necef- 
ftry  which  fubfifts  for  the  action  of  thefe  parts, 
depends  on  the  fympathetic  influence  they  re- 
ceive from  the  organs  to  which  they  are  des- 
tined to  afford  affiftance.    The  action  of  the 
falivary  glands  we  have  feen  was  excited  either 
by  appetite,  or  more  efpecially  by  the  procefs 
of  manducation.  The  action  of  the  pancreas  ft 
excited  by  the  fympathetic  influence  it  receives, 
either  from  the  ftomach  or  duodenum,  or  both. 
That  the  ftomach  has  an  effect  upon  the  pan- 
creas is  probable  from  hence,  that  in  the  fcetal 
ftate,  when  the  ftomach  is  paffive,  the  fpecific 
power  of  the  pancreas  is  in  a  dormant  condi- 
tion.   On  the  contrary,  in  the  adult,  when  the 
aflimilation  and  comminution  of  the  food  take 
place  in  the  ftomach,  the  fpecific  power  of  the 
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pancreas  is  excited,  and  a  fluid  which  has 
derived  its  appellation  from  the  name  of  the 
organ  itfelf  is  fecreted,  called  pancreatic  juice. 

The  pancreatic  juice  is  received  by  a  number 
of  fmall  duds,  which  arife  from  the  cells  in 
which  this  fluid  is  formed;  thefe  ducts  gradually 
and  progreflively  unite,  forming  one  common 
trunk,  which  running  along  the  middle  of  the 
pancreas,  pierces  the  coats  of  the  duodenum  ; 
and  finally  difcharges  its  contents  upon  the 
furface  of  that  organ,  about  two  inches  from 
its  origin. 

An  eftimation  of  the  quantity  of  pancreatic 
juice  which  the  pancreas  fecretes  has  been  at- 
tempted, not  potitively  but  relatively,  not  from 
the  quantity  of  juice  collected,  but  from  the 
proportion  which  the  gland  bears  to  the  mag- 
nitude of  the  parotid  and  the  other  falivary 
glands.  The  whole  falivary  glands  collected 
do  not  weigh  more  than  two  ounces.  On  the 
contrary,  the  pancreas  weighs  almoft  five.  We 
may  therefore  conclude,  that  the  proportion  of 
this  fluid  produced  is  far  greater  than  of  faliva. 
But  as  we  are  ignorant  how  much  faliva  the 
falivary  glands  fecrete,  we  mull  confequently 
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continue  ignorant  of  the  quantity  of  juice 
which  the  pancreas  produces. 

Although  the  quantity  has  not  been  afcer- 
tained,  an  attempt  has  been  made  to  invefti- 
gate  its  qualities ;  it  has  been  collected  by  De 
Graaf,  and  Profeffor  Schuylius,  of  Leyden,  by 
tying  a  quill  to  the  pancreatic  duct  of  a  dog. 
The  internal  part  became  confequently  filled 
with  it.  Accordingly  the  gentlemen  found 
that  it  was  either  acid  or  alcalefcent,  or  both. 
How  could  it  be  otherwife  ?  How  could  a  mode 
fo  unnatural  and  uncertain  produce  any  but  a 
morbid  fecretion?  And  how  could  a  morbid  fe- 
cretion,  thus  excited  and  continued  for  feveral 
hours,  produce  any  other  fluid  than  one  pof- 
feffing  fenfible  and  chemical  qualities  ?  It  is 
an  alteration  which  the  faliva  fuftains  from 
the  mere  effect  of  colds,  which  the  tears  per- 
petually undergo,  from  the  impreffion  which 
the  lachrymal  glands  fuffer,  either  from  affec- 
tions of  the  mind — from  difeafe,  or  from  other 
irritating  caufes.  In  their  natural  ftate  the  tears 
are  infipid  and  neutral  ;  in  their  morbid  ftate 
they  are  pungent  and  faline,  active  and  corro- 
ding. It  cannot  be  otherwife,  becaufe  the 
morbid  is  the  very  negative  of  the  healthy 
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ftate  ;  and  there  cannot  be  a  greater  proof  of 
the  bland,  mild,  inodorous,  infipid  nature  of  the 
faliva,  of  the  tears,  and  of  the  pancreatic  juice, 
when  they  fubfift  in  the  healthy  ftate,  than 
the  fenfible  and  chemical  properties  they  pof- 
fefs  in  a  ftate  of  difeafe  produced  by  means  fo 
cruel  and  abfurd.    It  has  been  collected  and 
tailed.    It  has  been  collected  and  decompofed. 
The  cryftals  depofited  after  evaporation  were 
of  a  cubic  and  fpiculated  form  ;  the  former 
like  thofe  of  common  fait ;  the  latter  like 
thofe  we  fee  from  the  cryftallization  of  fal 
ammoniac :  and  as  luna  cornea  is  formed  by 
the  addition  of  nitrated  filver,  it  is  probable 
that  the  marine  acid  is  in  union  with  the  al- 
caline  parts.    But  why  mould  we  take  its 
morbid  and  decompofed  ftate  as  the  ftandard 
of  its  perfection,  and  the  fenfible  properties  it 
then  obtains  as  the  mode  of  its  operation  j 
when  we  know  that  in  its  pure  and  healthy 
ftate  it  is  deftitute  of  thofe  qualities,  and  con* 
fequently  that  it  is  not  by  virtue  of  their  power 
that  its  operation  depends  ?  To  me  it  appears 
far  more  reafonable  to  conclude,  that  the  pan- 
creatic fluid  acts  not  by  a  chemical,  but  by  a 
Jiving  power,  fimilar  to  what  we  have  feen 

the 
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the  gaftric  juice  fo  eminently  difplay ;  and 
that  it  co-operates  in  perfecting  what  the 
other  was  unable  to  complete.  It  tends  to 
feparate  the  chylous  part  of  the  chyme  from  the 
fasculent,  that  the  one  may  be  immediately  ap- 
plied to  the  furface  of  the  inteftines  for  the  lac- 
teals  to  abforb,  and  that  the  latter  may  be  fe« 
parated  and  expelled. 

As  the  pancreatic  juice  performs  a  joint  and 
co-operative  office  with  the  bile  in  the  procefs 
of  chylification,  I  think  it  will  be  better  to  fuk 
pend  any  further  obfervation  upon  the  fubjecl 
until  the  nature  of  the  hepatic  fyftem  has  been, 
afcertained. 
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CHAP.  xr. 

OP   THE  SPLEEN. 

It  is  /applied  iviih  a  large  quantity  of  blood — it  is  dejlitute  of 
an  excretory  outlet ,  and  therefore  does  not  appear  to  perform 
a  feretory  office — it  does  not  feem  to  be  an  effential,  but 
an  auxiliary  organ,  defined  to  Jupply  with  blood  the  fo- 
mach  and  pancreas  upon  extraordinary  occofons — experi- 
ments made  by  Dr.  Haighton  prove  this  to  be  its  ufe — 
the  qualities  of  the  blood  examined — conveyed  by  the  fplenic 
artery  and  returned  by  the  fplenic  veins. 

When  we  reflect  on  the  increafed  actions 
which  the  digeftive  and  affimilating  organs 
are  deftined  to  perform  in  confequence  of  the 
different  kinds  and  quantities  of  bodies  on 
which  they  are  to  act,  a  neceffity  will  be  ap- 
parent that  organs  of  an  auxiliary  nature 
fhould  exift,  with  a  view  of  furniming  an  ad- 
ditional quantity  of  blood,  at  thofe  times  that 
fuch  a  fupply  becomes  neceffary. 

That  an  additional  quantity  of  blood  is  de- 
termined to  particular  glands  when  their  fpe- 
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cific  action  is  excited,  is  proved  from  the 
effects  which  we  behold  every  gland  difplay. 
All  have  a  regular  and  conftant  fupply  for 
their  nourishment  and  fupport :  there  is,  how- 
ever, an  extraordinary  and  occafional  increafe 
when  the  fpecific  powers  they  poffefs  are  ex- 
cited into  action.  The  fact  is  proved  by  the 
increafed  flow  of  tears  from  the  lachrymal, 
and  of  faliva  from  the  falivary  glands.  We 
may  confequently  prefume  that  the  ftomach 
and  pancreas  receive  an  additional  fupply 
alfo  when  the  introduction  of  food  into  the 
ftomach,  or  of  chyme  into  the  duodenum, 
calls  for  the  extraordinary  exertion  of  thefe 
organs.  Thefe  different  glandular  bodies  have 
all  an  excretory  duel,  which  immediately 
conveys  the  fluid  they  fecrete.  With  the 
fpleen  it  is  far  otherwife.  Although  its  internal 
ftructure  is  apparently  fpongy  and  cellular, 
like  other  glands,  it  differs,  however,  from 
them,  in  being  deftitute  of  any  excretory  out- 
let whatever.  For  what  purpofe  then  is  this 
organ  efpecially  defigned,  and  what  function 
is  it  intended  to  perform  ?  It  does  not  appear 
to  be  an  effential,  but  an  auxiliary  organ  only 
—•not  an  effential  one,  becaufe  different  ani- 
mals, 
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mals,  both  men  and  brutes,  are  frequently 
deftitute  of  a  fpleen  ;  and  brutes  for  the  fake  of 
experiment  have  been  deprived  of  it,  without 
the  fyftem  having  fuftained  in  confequence 
any  particular  derangement. 

Exper.  The  fpleen  of  a  dog  was  removed, 
and  in  a  few  days  the  wound  healed.  He  was 
kept  feveral  weeks  after  the  operation,  during 
which  time  he  ran  about  the  houfe  as  any- 
other  dog  would  have  done. 

Seeing  then  that  we  are  not  to  confider  the 
fpleen  either  as  a  fecretory  organ,  or  as  an  or- 
gan effential  to  the  prefervation  of  the  func- 
tions of  the  fyftem ;  I  am  naturally  led  to 
conclude,  that  it  is  of  an  auxiliary  and  fubor- 
dinate  nature,  deftined  to  afford  affiftance  only 
to  thofe  organs  with  which  it  is  connected^ 
and  by  the  locality  of  whofe  fituation  it  can 
be  affected. 

The  fpleen  is  fituated  on  the  left  fide  of  the 
abdomen,  varying  in  fhape  in  different  ani- 
mals, according  to  the  fabric  of  their  trunk. 
It  is  by  the  enlargement  which  the  ftomach 
fuftains,  and  the  increafed  fpace  which  it  con- 
fequently  occupies  after  a  full  meal,  when  it  is 
diftended  with  a  large  quantity  of  food,  that 
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?hc  left  or  great  curvature  becomes  approxi- 
mated to  the  fpleen,  and  a  confiderable  degree 
of  compreffion  upon  it  is  produced  ;  although 
it  is  too  remote  to  produce  fuch  an  effe& 
when  it  is  empty.  The  queftion  therefore  pre- 
fents  itfelf,  what  will  thofe  unequal  confequences 
produce,  of  prefTure  in  the  one  cafe,  and  per- 
fect freedom  in  the  other  ?  It  will,  I  believe, 
be  readily  granted,  that  prefTure  upon  the 
fpleen  muft  eventually  tend  to  diminilh  the 
capacity  of  the  veflels  with  which  it  is  fup- 
plied,  and  which  are  deftined  to  convey  a  quan- 
tity of  blood  through  its  fubftance.  The  dimi- 
nution therefore  of  the  ramification  of  the  fple- 
nic  arteries  muft  necefTarily  produce  an  accu- 
mulation in  the  fplenic  trunks.  The  blood  con- 
fequently  flows  into  other  channels,  through 
which  it  can  obtain  admiffion.  Thefe  channels 
confift  in  the  large  branches  which  the  fplenic 
trunk  gives  out  to  the  ftomach,  called  gaftrica 
finiftra,  through  the  five  fmalier  ramification* 
called  vafa  brevia  ;  and  finally,  through  the 
feveral  branches  which  the  fplenic  .artery  dis- 
tributes to  the  pancreas. 

The  increased  quantity  of  blood  which 
thefe  organs  in  confequence  receive,  enables 

them 
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them  to  fecrete  a  larger  proportion  of  the  gas- 
tric and  pancreatic  juice,  at  a  time  when  the 
diftenfion  which  the  ftomach  fuftains  from  the 
plenitude  of  food  renders  the  fupply  of  gaftric 
juice  more  efTentially  necefTary,  or  when  the 
accumulation  of  chyme  in  the  duodenum  de- 
mands a  more  abundant  quantity  of  pancreatic. 

I  had  long  thought  that  the  fpleen  was  def- 
tined  to  be  an  auxiliary  organ  to  the  digeftive 
and  chylopoetic  fyftem,  becaufe  I  faw  the  ne- 
ceffity  that  they  mould  be  fupplied  with  ex- 
traordinary means,  when  their  actions  were 
particularly  called  forth.  I  feel  myfelf  in- 
debted and  obliged  to  Dr.  Haighton  for  fome 
experiments  which  he  has  performed,  which  go 
to  prove  that  the  preffure  which  the  fpleen  is 
made  artificially  to  undergo,  not  only  prevents 
the  paffage  of  the  blood  through  that  organ, 
but  that  it  does  actually  produce  an  increafed 
accumulation  in  the  veifels  with  which  the 
ftomach  and  pancreas  are  fupplied.  I  (hall 
forbear  giving  in  detail  the  experiments  which 
he  has  made,  as  I  know  that  he  means  to  pro- 
fecute  the  inveftigation  of  the  fubjecT: ;  and  I 
hope  that  he  will  impart  to  the  public  the 
phenomena  he  has  beheld.  I  mall  merely 
4  ftate, 
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ftate,  that  he  opened  the  abdomen  of  a  living 
dog ;  drew  out  the  fpleen  in  fuch  a  manner 
that  he  could  behold  the  furrounding  veflels, 
and  that  he  faw  the  paflage  of  the  blood 
through  the  fplenic  veins  in  confequence  re- 
tarded, and  an  accumulation  take  place  in 
the  veflels  that  led  to  the  ftomach  and  pan- 
creas. 

That  this  is  the  ufe  of  the  fpleen,  is  rendered 
farther  probable  from  the  nature  of  its  ftruc- 
ture  alone  j  for,  fince  it  does  not  perform  a  fe- 
cretory  office,  to  what  other  purpofe  can  it 
be  defigned  ?  It  appears  that  various  expe- 
riments have  been  made  upon  blood  con- 
veyed to  the  fpleen  and  returned  from  it ;  and 
although  it  is  true  that  there  was  fome  variety 
in  the  colour,  the  relative  proportion  which 
the  ferum  bore  to  the  craffamentum,  and  the 
prefervative  properties  contained  by  the  blood 
conveyed  by  the  artery  and  returned  by  the 
veins,  were  apparently  the  fame*". 

The  abdomen  of  a  living  dog  being  opened, 
the  fpleen  with  the  veflels  being  gently  drawn 

*  Vide  Dr.  Saunders's  Treatife  on  the  Economy  and 
Functions  of  the  Liyer. 
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out,  blood  was  taken  both  from  the  artery  and 
vein,  and  received  in  two  cups  equal  and  limi- 
lar  in  fize  and  fhape.  Both  coagulated  in  lefs 
than  two  minutes,  and  feparated  afterwards 
intoferum  and  craffainentum.  In  twenty-four 
hours  the  ferum  of  both  was  accurately 
weighed ;  and  the  ferum  from  the  vein  was 
exadly  the  fame  in  quantity  as  the  ferum  from 
the  artery. 

Not  the  quantity  of  ferum  alone  was  the 
fame  in  the  vein  as  in  the  artery,  but  the  qua- 
lity alfo.  Equal  portions  of  each  ferum  were 
expofed  nearly  to  the  fame  degree  of  heat  un-  , 
til  coagulation  had  taken  place  :  upon  prefTmg 
the  furface  of  each,  there  exuded  at  different 
points  fmali  particles  of  a  watery  fluid  called 
by  Senac  the  ferofity  of  the  blood.  On  exa- 
mining the  proportion  of  each,  no  difference 
could  be  found.  And  finally,  that  this  blood 
contained  by  the  fplenic  vein  contained  pre- 
fervative  properties,  as  well  as  the  blood  con- 
tained by  the  fplenic  artery,  was  proved  by 
expofing  both  for  four  hours  to  a  heat  of  go 
degrees;  but  neither  of  them  betrayed  the 
fmalleft  figns  of  putrefadion.    Tims  it  would 

feem, 
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feem,  that  the  fpleen  performs  no  glandular 
office. 
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The fruilure  of  the  liver — its  evolution  more  atlive  in  the  foetal 
than  in  the  adult  fate — has  a  large  quantity  of  blood  dif- 
tributed  to  it — but  its  fecretory  office  dormant  -  in  the  adult 
fate  it  is  fupplied  with  venal  blood  for  its  fecretory  office^ 
and  with  arterial for  its fupport — its  fecretory  office  exerted^ 
and  bile  formed — the  caufe  of  this  difference  in  the  forma- 
tion of  bile— proceeds  from  the  liver  fympathifing  with  the 
fomach — of  the  vena  portay  how  it  arifes — how  it  termi- 
nates into  pori  biliariiy  and  the  blood  then  converted  into  bile 
—the  nature  of  hepatic  bile — of  cyflic — its  decompofition^  &c. 
the  mode  of  its  operation  examined  and  proved — the  primary 
and  the fecondary  ufe  of  bile — of  hepatic  and  cyfic. 

The  liver  itfelf  is  fituated  on  the  right  fide, 
immediately  beneath  the  diaphragm,  and  is  of  a 
brown  or  chocolate  colour.  It  is  generally  di- 
vided into  two  partitions  or  lobes  :  the  largeft 
one  of  the  two  is  fituated  on  the  right  hypo- 
vol.  11.  Bb  chondrium ; 
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chondrium ;  the  fmalief  is  placed  in  the  left 
portion  of  the  liver,  and  extends  acrofs  the 
epigaftric  region  to  the  left.  The  liver  is 
thick  at  top  and  thin  at  bottom  ;  convex  at  its 
fore  and  concave  at  its  pofterior  part.  It  is 
fupported  and  maintained  in  its  fituation  by 
the  medium  of  different  ligaments,  and  of  dif- 
ferent veflels. 

The  evolution  which  the  liver  undergoes 
in  the  fcetal  ftate,  feems  to  be  more  rapid  than 
the  evolution  of  any  other  gland  in  the  fyf- 
tem.  During  the  nine  months  of  geftation, 
it  appears  to  have  attained  more  than  one 
third  of  the  growth  which  it  is  ultimately 
deftined  to  afliime.  In  the  fcetal  ftate,  it  not 
only  receives  blood  from  the  chylopoetic  or- 
gans ;  but  it  is  efpecially  fupplied  with  a  large 
proportion  from  the  placenta,  through  the 
medium  of  the  umbilical  vein.  This  large 
quantity  of  blood  which  the  fcetal  liver  re- 
ceives appears  to  be  fubfervient  to  the  procefs 
of  evolution  alone.  For,  during  the  whole 
nine  months  of  geftation,  the  proportion  of 
bile  produced  is  in  quantity  very  fmall ;  in 
quality  very  mild  and  bland,  harmonizing  with 
the  furface  of  the  inteftines  in  fuch  a  manner, 

that 
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that  it  does  not  ftimulate  their  coats,  and  is 
confequently  retained  :  if  it  were  acrid  and 
purgative,  it  would  be  expelled  as  deleterious 
and  foreign. 

Far  different  is  the  condition  of  the  liver  in 
the  adult,  from  what  we  have  beheld  it  to  be 
inthefcetal  ftate,  although  it  is  then  deprived 
of  the  large  proportion  of  blood  from  the  um- 
bilical veins,  which  it  ufed  to  receive. 

Inftead  of  being  nourifhed  with  blood  from 
the  umbilical  veins  and  hepatic  artery  toge- 
ther, a  marked  and  an  evident  alteration  takes 
place  :  it  is  deprived  of  the  blood  from  the  um- 
bilical veins,  and  becomes  fupplied  by  means 
of  the  hepatic  artery  alone,  for  the  purpofe  of 
its  evolution  and  fupport  in  general,  whilft  the 
vena  portarum  conveys  blood  for  its  fecretory 
office  in  particular. 

The  queftion  here  naturally  prefents  itfelf : 
How  comes  it  to  pafs,  that  there  fubfifts  fo 
ftriking  a  difference  in  the  a&ions  of  the  liver 
at  different  times?  Whilft  in  the  fcetal  ftate  it 
is  fupplied  with  a  more  abundant  quantity  of 
blood  than  in  the  adult,  that  its  fecretory  office 
is  lefs  active  ?  And  on  the  contrary,  in  the 
adult,  when  the  fupply  of  blood  it  receives  is 

Bds    '  com- 
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comparatively  fmaller,  that  it  difplays  its  fe- 
cretory  power  in  a  more  active  degree  ?  The 
caufe  of  this  difference  is  evidently  to  be 
fought  in  the  refpective  condition  of  the  fcetal 
and  adult  ftates,  and  the  refpedive  modes  of 
their  fubfiftence.  In  the  fcetal  ftate,  the  nou- 
rishment it  receives  comes  directly  from  the 
mother,  without  the  intervention  of  its  own 
affimilating  organs  ;  their  fecretory  office  is 
in  a  paffive  ftate,  in  order  that  their  evolution 
may  be  more  rapid.  On  the  contrary,  in  the 
adult  ftate,  it  is  by  the  operation  of  the  aflimi- 
lating organs  alone,  that  nourishment  is  con- 
verted and  aflimilated,  and  that  the  chylopo- 
etic  organs  have  their  fpecific  powers  called 
forth,  and  confequently  perform  the  office  for 
which  they  are  efpecially  defigned. 

In  order  that  the  liver  fhould  be  able  to  per- 
form thefe  feparate  and  diftinct  functions — of 
evolution  and  of  fecretion — it  feems  neceffary 
that  it  fhould  be  fupplied  with  blood  of  a  dif- 
tinct and  different  kind.  The  blood  which 
the  liver  receives  for  its  evolution  and  fupport 
in  the  fcetal  and  adult  ftates,  either  from  the 
umbilical  vein  or  hepatic  artery,  is  analogous 
to  arterial  blood  j  to  that  blood  which  pof- 

feffes 
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fefles  living  and  prefervative  properties  in  the 
higheft  and  moft  exalted  degree  ;  which  re- 
tains in  the  moft  eminent  manner  the  aptitude 
to  be  a&ed  upon  by  the  principle  of  life  for 
the  purpofe  of  evolution  and  of  organization, 
and  which  is  univerfally  employed  for  that 
end. 

On  the  contrary,  the  blood  which  the  differ- 
ent fecretory  organs  receive  for  their  fecretory 
office,  feems  differently  modified  in  every  parti- 
cular organ.    I  do  not  mean  to  fay,  that  the 
ftreams  of  blood  that  flow  from  the  fame  foun- 
tain in  their  aggregate  qualities  are  different.  I 
mean,  that  thofe  qualities  are  particularly  modi- 
fied and  accommodated  to  the  nature  of  the  organ 
which  it  is  deftined  to  fupply,  by  the  termi- 
nated extremity  of  the  veffels  by  which  it  is 
conveyed.    This  is  efpecially  the  cafe  in  the 
veffels  which  convey  blood  to  the  brain — the 
fame  with  the  teftis,  and  in  fhort  with  every 
other  organ.    It  would  feem  to  be  efpecially 
the  cafe  with  the  liver  itfelf ;  fo  that  the  arte- 
rial blood  which  it  receives,  either  through  the 
umbilical  vein  or  hepatic  artery,  poffeffes  the 
aptitude  to  be  acted  upon  by  the  living  prin- 
ciple, and  anfwers  the  purpofe  of  evolution, 

B  b  3  but 
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but  does  not  anfwer  its  fecretory  office.  On 
the  contrary,  the  blood  which  the  vena  portae 
conveys,  and  which  is  venous  blood,  itriclly 
fo  called,  feems  efpecially  fitted  to  anfwer  the 
fecretory  functions  of  the  liver.  It  is  then 
that  this  power  is  called  forth,  when  blood  is 
conveyed  to  the  organ  in  which  it  refides, 
fitted  and  adapted  for  that  purpofe.  It  is 
therefore  neceffary  that  I  mould  point  owe  the 
fources  from  whence  this  blood  is  efpecially 
obtained,*. 

Of 

*  I  was  lately  favoured  by  Mr.  Cook,  a  refpedlable 
furgcon  of  Barking  in  Efiex,with  an  account  of  a  very  ex- 
traordinary difeafe  of  the  liver,  and  which  he  had  examin- 
ed a  few  days  before.  It  was  the  cafe  of  a  lady,  who  for 
four  or  five  years  preceding  her  death  complained  of  pain 
in  the  left  fide,  which  extended  a  confiderable  way  acrofs 
to  the  right.  Below  the  edge  of  the  ribs  there  was  at  times 
diftinctly  to  be  felt  a  hard  tumour,  painful  to  the  touch. 
She  was  occafiorially  afflicted  with  a  fhortnefs  of  breath, 
and  a  troublefome  cough.  She  was  able  to  lie  on  the  right 
fide,  but  with  great  difficulty  on  the  left.  Harafied 
and  oppreffed  with  the  continuation  of  thefe  fymptoms, 
fhe  died,  and  her  body  was  opened.  The  liver  was  found 
enlarged  to  an  enormous  fize  •,  having  within  two  dif- 
tincl  and  feparate  cyftes,  evidently  containing  a  fluid. 
On  the  fuperior  part  of  the  left  lobe  of  the  liver,  there 
was   a  cyft  that  contained  two  pints  of  clear  limpid 
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Of  the  Vena  Porta \ 

The  blood  which  was  conveyed  to  the  dif- 
ferent organs  I  have  defcribed,  and  which  was 
not  employed  for  their  fecretory  office,  is  re- 
ceived by  continuous  veins — from  the  fto- 
mach  by  the  celiac  vein  ;  from  the  fpleen  by 
the  fplenic ;  from  the  inteftinal  canal  by  the 
fuperior  and  inferior  mefenteric  ;  and  finally 
from  the  pancreas  by  the  vein  of  that  appel- 
lation. Thefe  various  ve Mel s,  which  receive 
from  thefe  organs  the  refiduary  part  of  the 
blood,  gradually  unite  and  congregate  into  one 
trunk,  forming  the  vena  portarum.  It  obtains 
the  appellation  of  porta,  from  the  part  of  the 
liver  through  which  it  enters.  The  quality 
of  its  fabric  differs  materially  from  the  fabric 

ferum,  having  rather  a  yellow  caft.  The  other  cyft  was 
fituated  clofe  to  the  lower  rib  on  the  right  fide,  the  pro- 
jecting point  of  which  could  be  felt  whilft  the  patient  wa,s 
alive,  and  contained  two  pints  of  water  alfo.  The  invert- 
ing membrane  was  of  the  colour  and  confiftency  of  lea- 
ther. The  other  portions  of  the  liver  were  apparently  in 
an  healthy  ftate.  The  gall  bladder  was  diftended  and 
full  of  bile.  The  heart  was  furrounded  with -fat.  The 
lungs  were  comprefled,  and  occupied  a  very  fmall  fpace, 
but  without  apparent  difeafe.  There  was  about  an  ounce 
of  ferum  in  the  thorax. 

r  B  b  4  we 
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we  have  feen  arteries  poffefs ;  although  it  is 
analogous  to  them  in  the  ufe  for  which  it  is 
defigned. 

It  differs  from  arteries  in  its  fabric,  in  hav- 
ing no  mufcular  coat,  and  a  lefs.  elaftic  liga- 
ment. It  differs  from  them  alfo  in  the  qua- 
lity of  the  blood  it  receives  and  conveys. 
Although  the  vena  portse  differs  from  an 
artery  in  thefe  particulars,  it  refembles  them 
in  being  deftitute  of  valves,  and  in  the  mode 
of  its  termination.  The  vena  portae,  after 
having  been  formed  by  the  congregation  of 
different  veins  of  the  chylopoetic  vifcera, 
enters  the  liver,  and  has  this  trunk  fegregated 
into  branches  from  a  centre  to  a  circumfer- 
ence, terminating  in  the  fubftance  of  the 
liver  itfelf,  like  an  artery,  into  exhalant  outlets 
and  returning  veins. 

Thus  then  it  appears  that  the  quantity  of 
blood  which  the  vena. ports  receives  muft  en- 
tirely depend  on  the  quantity  which  the  differ- 
ent arteries  fubfervient  to  the  chylopoetic  or- 
gans convey,  proving  in  a  very  decided  man- 
ner, that  the  fluid  (bile)  into  which  the  blood 
is  changed  by  the  powers  of  the  liver,  is 
wholly  fubfervient  and  fubordinate  to  their 

ufe, 
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rife.  Not  fubfervient  to  their  ufe  alone,  but  it 
evidently  appears  that  the  fpecific  (fecretory) 
power  of  the  liver  is  excited  by  the  fympathy 
it  receives  from  the  ftomach  and  interlines  ; — i 
when  they  are  dormant,  it  is  paffive  ;  when 
they  are  active,  its  action  is  excited,  and  the 
blood  it  receives  is  converted  into  bile.  That 
this  is  a  fact,  I  fay,  is  proved  from  the  in- 
creafed  quantity  of  bile  which  is  produced  in 
the  adult  from  what  there  is  in  the  fcetal 
ftate. 

So  that  in  point  of  quantity  and  quality,  in 
point  of  time  and  place,  the  liver  is  fupplied 
with  blood  for  its  fecretory  office  in  proportion 
as  the  fluid  is  wanted  which  in  confequence 
is  produced  by  it.  The  exhalant  termination 
of  the  hepatic  artery  differs  from  the  exhalant 
outlet  of  the  vena  portse.  Whilft  the  former 
depofits  its  contents  in  the  fubftance  of  the 
liver  itfelf  for  its  nourimment  and  fupport,  the 
exhalant  outlet  of  the  latter  terminates  into 
the  port  biliarii  for  the  formation  of  bile  j  fo 
that  the  pori  biliarii  have  their  origin  where 
the  exhalant  outlets  of  the  vena  portse  have 
their  termination*. 

From 

*  It  appears  to  me  extremely  improper  to  apply  the 

term 
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From  the  pori  biliarii,  branches  arife  which 
gradually-  unite  and  ultimately  form  the  trun- 
cus  hepaticus.  The  truncus  hepaticus  there-* 
fore  is  formed  from  the  aggregate  of  the  ducli 
biliarii.  After  quitting  the  liver,  and  reaching 
the  incurvation  of  the  duodenum,  it  perf  orates 
directly  its  external  coat,  and  indirectly  its  in- 
ternal, running  a  fhort  diftance  within  the 
fubftance  of  the  inteftine  itfelf,  before  its  ex- 
tremity opens  on  the  internal  furface  of  it. 
When  the  liver  therefore  fecretes  bile,  and  the 
periftaltic  motion  of  the  inteftine  is  fufpend- 
ed,  an  accumulation  in  the  hepatic  trunk,  and 
perhaps  a  regurgitation  into  the  pori  biliarii, 
and  branches  of  the  vena  portae,  would  fre- 
quently take  place,  if  it  were  not  for  the  com- 
munication with  the  gall-bladder  through  the 
medium  of  the  du&us  cyfticus. 

"The  duclus  cyjlicus  has  its  origin  about  two 

term  pores  to  canals  of  confiderable  length.  I  however 
wifh  to  have  it  underftood,  that  I  mean  to  retain  the  old 
mufty  term  of  porey  confining  it  however  to  the  Cell  or 
convolution  (be  it  what  it  may)  in  which  bile  is  formed. 
The  hepatic  branches  or  excretory  ducts  that  arife  from 
thefe poresl  call  rami  biliarii.  And  finally,  thefe  branches 
or  rami  biliarii,  when  united  in  one  trunk,  I  call  truttm 
pes  hepaticus.  I  retain  the  old  term  of  dutlus  cyjlicus3  as 
being  applicable  to  the  ufe  which  it  performs. 

inches 
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inches  from  the  termination  of  the  truncus 
hepaticus  into  the  duodenum  :  after  pafling 
obliquely  upwards,  it  terminates  in  the  gall- 
bladder. 

The  gall-bladder  is  of  a  pyriform  figure,  fitu- 
ated  in  a  depreffion  of  the  concave  furface  of  the 
right  lobe  of  the  liver,  to  which  it  is  attached 
by  a  duplicature  of  the  peritonseum  :  it  is  pro- 
perly fupplied  with  blood-veflels,  nerves,  and 
abforbents,  and  fecretes  from  its  internal  fur- 
face  a  fluid  of  a  mucous  appearance. 

Since  then  it  appears  that  the  communication 
between  the  liver  and  duodenum,  through  the 
truncus  hepaticus,  is  more  direct  than  through 
the  ductus  cyfticus,  we  may  conclude  that  the 
regular  courfe  of  the  bile  from  the  liver  to  the 
duodenum  is  through  the  hepatic  trunk.  We 
may  confequently  infer  that  its  paflage  through 
the  cyftic  duel:  into  the  gall-bladder,  is  rather  to 
prevent  regurgitation  of  bile  from  the  hepatic 
trunk,  when  the  liver  fecretes  more  bile  than 
the  ductus  communis  can  convey,  or  when  the 
duodenum  is  in  a  pamve  ftate.  The  gall-blad- 
der therefore  would  feem  to  be  deftined  not  fo 
much  to  do  good,  as  to  prevent  mifchief ;  not 

fo 
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fo  much  to  furnifh  a  regular  fupply  of  bile  to 
the  inteftines,  as  to  prevent  regurgitation  into 
the  liver. 

Bile  is  not  only  of  no  ufe  either  in  the  pori 
biliarii  or  gall-bladder,  but  produces  frequent- 
ly in  them  very  deleterious  effects.  It  is  of  ufe 
only  in  the  inteftinal  canal :  and  whenever  it 
acts  as  bile  is  intended  to  do,  it  muft  return 
from  the  gall-bladder  back  into  the  inteftines. 

Admitting  then  that  bile  is  deftined  to  per- 
form fome  office  in  the  part  where  it  is  imme- 
diately conveyed  by  the  excretory  duds  of  the 
organ  by  which  it  is  produced  ;  it  is  legiti- 
mate, I  fay,'  to  fearch  for  , its  properties  and 
ufe,  in  thofe  fituations  where  its  palTage  is 
direct  and  almoft  conftant,  rather  than  in  thofe 
where  it  is  indirect  and  precarious  ;  and  as  the 
paffage  of  the  bile  from  the  liver  through  the 
truncus  hepaticus  into  the  duodenum  is  direct, 
and,  on  the  contrary,  the  paffage  of  the  bile 
from  the  liver  to  the  hepatic  trunk,  and  from  the 
hepatic  trunk  into  the  cyftic  duct  and  the  gall- 
bladder, is  circuitous  j  it  is  raoft  obvious  that 
the  gall-bladder  is  not  to  be  confidered  either 
as  an  organ  efTential  to  the  inteftines  for  the 
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production  of  bile,  or  the  bile  it  contains  fo 
pure  in  its  quality,  as  that  which  flows  imme- 
diately from  the  liver  into  the  hepatic  duel.  , 
If  we  therefore  combine  the  anatomical  ftruc- 
ture  of  the  hepatic  fyftem  with  the  life  of  the 
fluid  it  prepares  and  conveys,  we  mall  be  led 
diredly  to  conclude  that  hepatic  bile  is  the  beft, 
and  cyftic  bile  is  the  worft ;  and  that  hepa- 
tic bile  is  the  ftandard  by  which  the  property 
of  cyftic  bile  is  to  be  meafured. 

Of  Hepatic  Bile. 

Having  afcertained  that  bile  is  formed  from 
venous  blood,  by  the  living  powers  of  the 
liver,  it  is  here  neceflary  to  inveftigate  the  pro- 
perties it  feems  to  poiTefs  with  relation  to  the 
ufe  for  which  it  is  deligned. 

It  may  be  confidered  as  a  fa£t  univerfally 
true,  that  arterial  blood  poffefles  an  higher  de- 
gree of  vital  energy  than  venal :  it  is  arterial 
blood  that  is  conveyed  to  the  different  parts  of 
the  fyftem,  for  their  nourifhment  and  fupport, 
and  it  is  venous  blood  only  that  returns  the 
refiduum.  Since  therefore  bile  is  formed  from 
venal  blood,  it  is  a  natural  confequence  that 
the  fluid  produced  from  it,  mould  poflefs  lefs 
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living  power  than  that  which  is  formed  from 
arterial  blood  :  we  may  therefore  prefume, 
that  bile  polTeiTes  a  lefs  degree  of  living  power, 
than  either  the  gaftric  or  pancreatic  juice,  the 
produce  of  arterial  blood.  Although  bile  pof- 
felTes  a  lefs  degree  of  life  than  either  of  thefe 
fluids,  it  feems  however  to  contain  consider- 
able, living  properties. 

Exper.    Equal  quantities  of  blood  and  bile 
of  the  fame  ox,  were  each  put  into  different 
veffels  of  the  fame  fize,  and  expofed  to  the  fame 
degree  of  heat :  on  the  third  day  the  blood  be- 
gan to  give  out  by  its  odour  marks  of  putre- 
faction ;  the  bile  remained  in  its  natural  ftate  ; 
on  the  fourth  day  the  bile  had  a  pungent 
odour,  by  no  means  ungrateful,  whilft  the 
blood  was  extremely  putrid  :    on  the  fixth 
day  the  bile  became  putrid,  and  had  a  very 
offenfive  fmell.    Since  therefore  bile  was  frefh 
at  firft,  but  became  afterwards  putrid  by  ex- 
pofure  to  the  air,  and  by  departing  from  the 
organ  by  which  it  was  formed,  it  is  very  evi- 
dent that  its  fweetnefs  arofe  from  the  living 
power  it  contained,  and  that  it  was  owing  to 
a  deprivation  of  that  living  power,  that  it 
became  decompofed  by  the  external  fubftances 
to  which  it  was  expofed,  and  that  it  con- 
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fequently  was  refolved  into  its  constituent 
parts.  It  is  by  virtue  of  this  living  power  that 
the  various  component  parts  of  which  the 
different  folids  and  fluids  of  the  fyftem  confift 
become  united  in  one  whole,  and  that  the 
parts  are  apparently  of  an  homogeneous  nature. 
It  is  by  the  deprivation  of  the  living  principle 
that  the  different  parts  continually  fuftain,  that 
their  bond  of  continuity  becomes  perpetually 
weakened  and  ultimately  loft,  and  a  decom- 
pofition  into  their  fenfible  and  common  pro- 
perties immediately  enfues.  It  may  therefore 
be  laid  down  as  a  law,  that  the  parts  which 
poffefs  the  higheft  degree  of  life  retain  the 
lead  fenfible  properties  ;  and  on  the  contrary, 
the  parts  that  retain  the  moft  fenfible  proper- 
ties, poffefs  the  leaft  vital  energy.  That  this 
is  a  fad:  generally  true,  is  proved  by  comparing 
the  incretions  with  the  excretion,  the  chyle 
with  the  fasces,  the  ferum  with  the  tears,  with 
the  urine  or  matter  of  perfpiration :  it  may  be 
extended  to  the  bile  itfelf,  not  only  with  rela- 
tion either  to  the  gaftric  or  pancreatic  juice, 
but  to  hepatic  and  cyftic  bile  alfo. 

Hepatic  bile,  either  in  the  pori  biliarii  or 
truncus  hepaticus,  is  a  thin  fluid,  of  a  yellow 
colour,  fomewhat  bitter  to  the  tafte;  almoft 
4  inodorous 
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inodorous  to  the  olfadory  fenfe,  poiTefling 
living  properties  for  a  confiderable  time  after 
fecretion,  undergoing  certain  changes  by  refi- 
dence,  and  ultimately  becoming  decompofed 
into  its  conftituent  parts. 

That  it  poffeffes  confiderable  living  powers 
is  abundantly  proved  by  putting  its  preferva- 
tive  properties  to  the  teft  with  thofe  of  blood  ; 
that  it  is  not  very  vifcid,  is  proved  by  its 
appearance  either  in  the  pori  biliarii  or  hepa- 
tic trunk  ;  and  that  it  is  not  very  bitter,  is  alfo 
proved  by  the  tafte  of  the  liver  itfelf.    If  it  be 
eaten  frefh  it  is  fweetim,  but  becomes  very  bitter 
if  kept  for  fome  time.    Thefe  are  the  general 
properties  of  hepatic  bile  ;  of  that  bile  which 
is  generally  pairing  from  the  liver  into  the 
duodenum.    The  want  of  fenfible  properties 
in  hepatic  bile,  and  the  prefence  of  living,  is  a 
proof  that  it  ads,  when  it  reaches  its  feat  in 
the  duodenum,  by  a  living  and  not  by  a  che- 
mical power ;  it  is  there  conveyed  by  the  ex- 
cretory dud  of  the  liver,  when  the  periftaltic 
motion  of  the  interline  enables  its  internal 
coat  to  open  and  allow  the  admifoon  of  bile 
upon  its  furface. 

After  bile  has  been  fecreted  by  the  liver, 
although    conveyed  by  the  hepatic  trunk, 
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if  it  cannot  obtain  admiflion  into  the  duode- 
num, it  flows  back  into  the  cyftic  duel:,  and  is 
from  thence  conveyed  into  the  gall-bladder.  So 
that  the  bile  that  is  contained  by  the  gall-bladder 
is  the  fame  bile  that  would  have  flowed  into'the 
duodenum  if  it  had  been  in  an  active,  inftead 
of  a  paflive  ftate.  It  is  therefore  neceflary  to 
examine  the  properties  of  cyftic  bile  with  rela- 
tion to  hepatic  ;  and  the  changes  it  has  under- 
gone in  confequence  of  its  refidence  in  a  recep- 
tacle apparently  paflive  for  a.  confiderable  time 
after  fecretion. 

Of  Cyftic  Bile. 

That  the  gallbladder  is  fupplied  with  the 
bile  it  contains,  from  the  liver  itfelf,  through 
the  medium  of  the  hepatic  and  cyftic  duels,  is 
a  fact  as  univerfally  admitted  as  its  power  is 
denied  of  fecreting  the  bile  it  is  found  to 
contain ;  fo  that  if  the  hepatic  and  cyftic 
duds  were  completely  obftructed,  the  gall- 
bladder would  be  perpetually  empty  of  bilious 
matter.  Admitting  then,  that  it  is  merely  the 
recipient  of  bile  when  either  the  liver  fecretes 
more  than  the  hepatic  duel:  can  convey,  or  (what 
is  more  ufually  the  cafe)  when  the  liver  con- 
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tinues  to  fecrete  bile  at  thofe  times  that  the  du- 
odenum is  in  a  paffive  ftate;  we  muft  conclude 
that  it  then  obtains  a  paflage  through  the  cyftic 
duel:  into  the  bladder.  When  hepatic  bile  gets 
into  the  gall-bladder,  it  certainly  acquires  pro- 
perties very  different  from  thofe  it  before  pof- 
feiTed  either  in  the  pori  biliarii  or  hepatic  trunk : 
inftead  of  being  a  thin,  yellow,  fweetifh,  ino- 
dorous, and  apparently  homogeneous  fluid — 
cyftic  bile  bylong  reiidence  becomes  of  agreen^ 
and  even  of  a  black  colour,  intenfely  bitter  to  the 
tafte,  ofFenfive  to  the  fmell,  apparently  hetero- 
geneous in  its  compofnion,  of  a  very  vifcid  con- 
fidence, frequently  coagulating,  fometimes  con- 
creting and  forming  calculi.  The  queftion  then 
is,  whether  the  fenfible  properties  of  cyftic  bile 
above  enumerated,  arife  from  any  addition  it 
receives  from  the  gall-bladder,  or  whether  they 
do  not  proceed  from  a  privation  of  its  living 
principle,  the  lofs  of  which  makes  the  whole  to 
be  decompofed  into  its  conftituent  parts. 

The  changes  the  bile  undergoes  in  the  gall- 
bladder by  the  living  power  of  the  fyftem, 
confift  in  the  addition  it  receives  either  from  a 
quantity  of  mucus  which  is  continually  fecreted 
from  its  internal  furface,  or  by  the  lofs  it  fuf- 
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tains  in  confequence  of  the  action  of  the  ab- 
forbents  with  which  the  gall-bladder  is  fup- 
plied.  The  addition  of  the  mucus  alone  can- 
not be  the  immediate  caufe  of  the  fenfible 
properties  cyftic  bile  ultimately  alfumes,  be- 
caufe  mucus  for  fome  time  after  fecretion 
feems  almoft  deftitute  of  any ;  neither  does 
there  appear  to  me  fufficient  evidence  that 
the  abforbent  veffels  take  up  the  moft  aqueous 
parts  only,  and  leave  behind  the  thickeft  pro- 
portion as  the  refiduum  of  the  whole.  It 
feems  more  probable  that  the  fenfible  proper- 
ties cyftic  bile  ultimately  affumes,  arife  from  a 
deprivation  of  its  prefervative  power,  by  which 
it  begins  to  lofe  the  identity  of  its  own  nature, 
and  undergoes  nearly  the  fame  changes  by  re- 
fidence  in  the  gall-bladder  that  it  would  have 
done  out  of  the  living  fyftem.  Thefe  changes 
proceed  from  the  operation  of  a  law  by  which 
the  different  parts  of  the  fyftem  are  governed, 
and  by  which  the  connection  of  the  fecreted 
fluids  with  the  organs  by  which  they  are  pro- 
duced is  regulated. 

It  is  a  law  univerfally  true,  that  the  further 
effects  depart  from  their  caufes,  the  power  of 
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retaining  their  own  qualities  is  proportionally 
weakened  and  diminiflied. 

Since  then  the  gall-bladder  is  the  part  of  the 
whole  hepatic  fyftem  moft  remote  from  the 
liver  (the  caufe  and  fource  of  biliary  fecretion), 
every  inftant  of  time  bile  remains  in  the  gall- 
bladder, it  is  constantly  changing  from  a  bet- 
ter to  a  worfe  condition — from  a  living  to  a 
dying  ftate. 

It  is  by  the  principle  of  this  law  that  we 
are  to  take  hepatic  bile  as  the  ftandard  by 
which  the  quality  of  cyftic  bile  is  to  be  mea- 
fured,  and  by  which  we  are  to  conclude  that 
the  fenfible  qualities  it  affumes  are  foreign  to 
the  excellence  of  its  nature. 

To  (hew  the  truth  of  this  principle  in  a 
ftronger  point  of  view,  I  (hall  take  up  the  con- 
verfe  of  this  propofition,  and  mow  the  abfurdi- 
ty  that  would  enfue  if  we  were  to  take  cyftic 
bile  as  the  ten:  by  which  hepatic  bile  is  to  be 
tried.  Inftead  of  making  every  change  bile 
undergoes  immediately  after  fecretion  to  be  a 
change  from  a  better  to  a  worfe  condition,  it 
would  be  exactly  the  oppofite:  it  would  be  a 
change  from  worfe  to  better;  and  the  laft 
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change  into  gall-ftones  bile  undergoes  in  the 
gall-bladder,  would  be  the  very  belt  change  in 
which  it  could  poffibly  be  found. 

Since,  therefore,  hepatic  bile  is  deftitute  of 
the  various  properties  cyftic  bile  pofTefles,  I  am 
led  immediately  to  conclude  that  the  fenfible 
properties  of  cyftic  bile  arife  from  a  lofs  of  that 
living  principle  which  conftituted  the  bond  of 
its  elementary  parts,  by  which  they  become  de- 
compofed  and  refolved  into  a  common  ftate. 
So  far  therefore  from  bile  poffefling  antifeptic 
power  by  virtue  of  its  bitternefs,  the  actual 
prefence  of  bitternefs  is  a  teft  by  which  we  are 
to  judge  that  it  is  lofing,  or  is  altogether  de- 
prived of,  moft  of  its  antifeptic  qualities ;  and 
hence  it  is  that  gall-ftones  are  for  the  moft 
part  pungently  bitter  to  the  tafte,  and  that  the 
bitter  portion  of  bile  efpecially  refides  in  the 
refinous  part. 

Inattention  to  thefe  principles  has  led  my 
friend  Dr.  Saunders,  a  man  no  lefs  amiable  in 
private  life  than  defervedly  eminent  in  his  pro- 
feflion,  in  his  excellent  Treatife  on  this  fubjecT:, 
to  draw  true  conclufions  from  falfe  principles. 
He  has  been  led,  I  fay,  to  overlook  the  living 
power  of  bile,  to  examine  its  fenfible  proper- 
ty c  3  ties 
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ties,  and  to  refer  the  whole  of  its  ufe  and  action 
in  the  living  fyftem,  to  their  operation ;  for 
which  purpofe  he  eftablifhed  a  number  of 
experiments  conducted  with  the  utmoft  ability 
and  precilion,  with  a  view  of  afcertaining 
the  conftituent  parts  which  entered  into  the 
compofition  of  bile.  The  refult  of  thefe  ex- 
periments only  proved  that  cyftic  bile  confifted 
of  the  following  ingredients,  viz. 

1ft.  Of  water  impregnated  with  the  odorous 
principle. 

2d.  Mucilaginous  fubftance  refembling  the 
albumen  ovi. 

3d.  A  refinous  fubftance  containing  the 
colouring  principle  and  bitter  tafte. 

4th.    The  mild  mineral  alkali. 

Thefe  experiments  only  mew  the  compo- 
nent parts  of  bile,  but  do  not  notice  the  power 
by  which  thefe  parts  were  conftituted  and 
kept  in  union ;  they  only  explain  the  refult 
of  the  develation  and  feparation  of  the  whole 
into  its  conftituent  parts. 

That  thefe  experiments  are  wholly  infuffi- 
cient,  is  further  proved  from  our  total  incapa- 
city to  reproduce  bile  by  fynthefis  :  after  the 
bond  of  its  elementary  parts  (the  living  princi- 
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pie)  has  been  deftroyed  by  analyfis,  we  can 
no  more  reproduce  bile  than  we  can  fugar 
after  it  is  converted  into  rum  by  diftillation. 
The  reafon  is  obvious :  both  bile  and  fugar 
are  fecreted  fubftances,  the  confequence  of  a 
living  procefs ;  and  although  we  can  detect 
the  different  parts  of  which  they  are  compofed, 
we  cannot  by  any  chemical  operation  reftore 
the  living  principle  by  which  they  are  formed, 
and  by  which  they  are  preferved.    It  is  there- 
fore as  impoflible  to  know  the  real  properties  of 
bile  by  decompofition,  as  thofe  of  the  albumen 
ovi  by  coagulation,  of  fugar  by  diftillation,  or 
of  ferum  by  putrefaction.    Whenever  thefe 
changes  have  taken  place,  the  original  fub- 
ftance  is  no  more,  and  the  end  for  which  it 
was  originally  defigned  can  no  longer  be  an- 
fvvered.    The  motion  of  our"  fluids  might  as 
well  be  explained  upon  hydraulic  principles, 
when  a  living  and  not  a  mechanical  power  is 
employed,  as  to  afcribe  to  fenfible  properties 
the  ufe  of  parts  that  depend  on  living  power. 
For  example,  in  a  ftate  of  health  the  faliva  is 
a  thin  colourlefs  fluid,  inodorous  to  the  fmell, 
and  infipid  to  the  tafte ;  in  a  high  degree  of 
fcurvy  it  is  faline,  varioufly  coloured,  and 
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readily  coagulates,  forming  faline  cryftals.  In 
the  firft  inftance  it  is  mild,  and  in  harmony 
with  the  furrounding  parts ;  in  the  latter  it  is 
acrid'  and  offenfive — excoriates  the  gums,  and 
produces  ulcerations  of  the  mouth.  It  might 
as  well  be  argued,  that  thefe  fenfible  proper- 
ties of  faliva  are  eflential  to  its  action,  as  that 
bile  acts  by  virtue  of  its  bilternefs  and  colour, 
by  its  refin  or  its  alkali. 

The  application  of  heat  and  of  the  various 
menftruawhich  were  employed  to  difcover  the 
properties  of  bile,  would  have  deftroyed  the 
living  principle  of  a  mufcle,  or  even  of  a  bone 
itfelf,  and  made  them  feparate  into  their  feveral 
parts ;  much  more  then  would  they  have  the 
fame  effect  when  applied  to  bile.  It  were 
abfurd  indeed  to  look  for  the  properties  of  a 
mufcle,  or  of  a  bone,  after  mortification  had 
taken  place  by  the  operation  of  fire  and  fag- 
got, the  crucible  or  the  retort ;  and  yet  thefe 
were  fome  of  the  means  employed  to  difcover 
the  real  properties  of  bile.  Chemical  experi- 
ments therefore  made  for  the  purpofe  of  in- 
veftigating  the  qualities  of  living  matter  with 
a  view  to  its  living  properties  and  ufe,  are  not 
only  not  fufHcient,  but  defeat  the  very  aim  we 
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have  in  view ;  for  their  operation  tends  to  de- 
ftroy  the  living  power  they  poffefs,  and  to 
render  their  fenfible  properties  apparent. 

That  the  living  principle  has  the  power  of 
deftroying  the  fenfible  properties  of  common 
matter,  is  proved  by  the  operation  of  the  gaf- 
tric  juice  alone  :  it  is  found  that  fubftances  of 
various  kinds  and  poifeffing  very  different  pro- 
perties, when  expofed  to  its  action,  are  reduced 
to  one  ftandard,  and  affume  one  quality. 

That  the  fecretory  organs,  by  virtue  of  the  liv- 
ing principle  they  poffefs,  have  the  fame  power 
over  the  blood,  is  proved  by  the  various  fecre- 
tions  they  produce.  Whenever  this  living  prin- 
ciple deferts  the  organs,  they  lofe  this  power  of 
converfion  ;  and  when  the  blood  that  circulates 
through  them  is  not  fitted  for  their  purpofe, 
it  has  not  the  aptitude  to  be  converted  by 
them  ;  and  laftly,  when  the  living  principle 
deferts  both,  both  become  decompofed  ;  and 
although  in  a  living  ftate  they  are  appa- 
rently very  different  in  their  nature,  both  yield 
nearly  the  fame  produce  by  chemical  decompo- 
fition. 

Since  then  we  are  not  to  look  to  the  fenfible 

properties 
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properties  of  bile  for  its  real  qualities, it  is 
very  evident  why  the  courfe  of  the  hepatic 
trunk  to  the  duodenum  is  the  moft  direct,  and 
that  the  gall  bladder  is  an  occafional  receptacle 
only;  why  the  bile  it  contains  is  imperfect  in 
its  nature  ;  and  therefore  why  the  paflage  of 
it  into  the  duodenum,  inftead  of  being  regular 
and  direct,  is  occafional  only  and  circuitous. 

I  am  therefore  led  to  examine  the  ftructure 
of  the  parts  upon  which  the  bile  is  difcharged, 
with  a  view  to  its  immediate  ufe. 

Of  the  Intejiinal  Canal. 

The  duodenum  conftitutes  the  firft  part  of 
the  inteftinal  canal,  and  begins  where  the  pylo- 
ric extremity  of  the  ftomach  has  its  end.  Its 
internal  furface  is  at  firft  fmooth  and  polifhed. 
It  has  fcarcely  proceeded  one  inch  in  its  courfe 
when  ridges  or  folds  begin  evidently  to  appear, 
conftituting  valvulse  conniventes.  They  con- 
tinue along  the  remainder  of  the  duodenum 
and  jejunum.  They  diminifh  in  magnitude 
at  the  beginning  of  the  ilium,  and  all  traces  of 
them  become  foon  after  totally  obliterated, 

Thefe 
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Thefe  folds  are  at  firft  arranged  in  a  tranfverfe 
form ;  they  progrefllvely  lofe  their  tranfverfe 
and  obtain  a  more  diagonal  direction  :  in  the 
living  fyftem  they  are  rigid  and  ere£t,  and  not 
loofe  and  flaccid,  as  we  behold  them  in  the 
dead  fubjecl:. 

Soon  after  the  valvulae  conniventes  termi- 
nate, the  large  inteftines  are  faid  to  begin  ; 
inftead  of  a  folded  they  have  a  fmooth  and  po- 
lifhed  furface,  until  their  final  termination  in 
the  extremity  of  the  re&um*. 

x*  If  the  furface  of  the  inteftlnal  canal  be  examined,  the 
firft  portion  of  it  is  moft  plentifully  fupplied  with  glandu- 
lar bodies  of  a  granulated  appearance.  Thefe  glandular 
bodies  afliime  a  circumfcribed  and  follicular  Structure, 
efpecially  in  the  ilium,  and  are  therefore  called  glandular 
congregatse.  In  the  large  inteftines  they  are  arranged 
with  more  distinction,  and,  from  the  folitary  ftate  in  which 
they  exift,  are  called  glandular  folitaria;.  The  fluid  they 
fecrete  is  apparently  of  a  mucous-like  nature,  and  feems 
defigned  to  form  a  protecting  medium  between  the 
inteftines  and  the  chyme,  which  they  receive  from  the 
ftomach,  and  prevent  the  faeculent  part  from  being  di- 
rectly and  immediately  applied  to  the  furface  of  and  irri- 
tating the  inteftinal  canal.  It  appears  to  me  probable  that 
this  constitutes  the  ufe  of  the  mucus  which  thefe  glands 
fecrete,  although  they  may  be  instrumental  in  the  procefs 
of  chylification  alfo. 

The 
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The  pancreatic  duct  either  enters  fmgly 
the  duodenum,  or  with  the  extremity  of  the 
ductus  communis  cholidochus. 

When  the  pancreatic  duel:  enters  fingly,  its 
courfe  is  more  direct  than  the  courfe  of  the 
biliary  duels  ;  and  when  it  forms  a  duelus 
communis  with  them,  it  opens  anteriorly  to 
either  of  them.  The  duelus  communis  choli- 
dochus  is  formed  by  the  union  of  the  hepatic 
and  cyftic  duels,  and  enters  the  internal  fur- 
face  of  the  duodenum  in  the  manner  I  have 
before  defcribed. 

This  peculiarity  of  conftruelion  in  the  flrft 
part  of  the  inteftinal  canal,  increafes  the  extent 
of  its  furface  in  a  wonderful  degree.  This  in- 
creafe  of  furface  feems  evidently  to  be  defigned 
for  two  reafons  ;  for  the  purpofe  of  prolonging 
and  retarding  the  palTage  of  the  chyme,  in  this 
part  of  its  inteftinal  courfe ;  and  to  allow  a 
greater  fpace  for  the  exiilence  of  lacleal  veffels. 
The  valvule  conniventes  therefore  are  tranf- 
verfe  atfirft,  but  feem  gradually  to  obtain  rather 
a  diagonal  direction.  In  the  living  fyftem,  as  I 
faid  before,  they  are  erect  and  rigid,  and  not  in 
the  flaccid  and  loofe  ftate,  as  we  behold  them  in 

the 
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the  dead  fubject;  fo  that  the  chyme,  inftead  of 
pafling  over  their  angles,  is  involved  within 
their  folds.  On  the  contrary,  the  large  interlines 
have  a  polifhed  furface,  and  have  the  fibres  of 
their  mufcular  coat  gradually  affuming  a  more 
longitudinal  direction  in  their  courfe  towards 
the  rectum ;  fo  that  whilfl  on  the  one  hand  the 
polifhed  furface  of  the  large  inteftines  affords 
no  retardation  to  their  contents,  the  direction  of 
their  mufcular  fibres  on  the  other  hand  tends 
gradually  to  accelerate  its  motion  towards  the 
rectum  ;  which  being  placed  perpendicularly 
downward  contributes  to  favour  this  effect. 

The  regular  periftaltic  motion  of  the  intef- 
tinal  canal  is  from  the  ftomach  downwards  ; 
and  it  is  always  a  perverfion  of  action  when- 
ever there  is  an  inverfion  of  motion  ; — I  do 
not  believe  that  this  regular  periftaltic  motion 
of  the  inteftinal  canal  is  governed  by  the  in- 
fluence of  the  will  more  than  the  action  of 
the  heart ;  I  know  very  well  that  diarrhoea 
frequently  takes  place  by  paffions  of  the  mind 
— but  conftipation  alfo  frequently  happens 
when  the  mind  wills  a  diarrhoea.  It  there- 
fore appears  to  me  an  inftinctive  act  like  that 

of 
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of  fleep,  which  is  always  interrupted  by  the 
energy  of  the  mind ;  it  goes  on  more  per- 
fedly  during  fleep  than  awake,  and  is  more 
irregular  in  thofe  of  a  contemplative  difpofi- 
tion  than  in  thofe  who  live  a  mere  animal 
Iifew/;>;;-  r  ,  fop  »\  ,>/.    •  * 

The  extremity  of  the  canal,  indeed,  is  con- 
trived with  a  view  to  this  continued  action  of 
the  canal  itfelf  upon  its  contents.  To  pre- 
vent the  inconvenience  this  would  perpetually 
produce,  the  extremity  is  bounded  by  a  fphinc- 
ter  mufcle  (the  fphincter  ani)  whofe  a&ion 
is  immediately  under  the  controul  of  the 
will. 

Since  then  the  alimentary  canal  is  conftructed 
with  a  view  of  retarding  the  motion  of  the 
food  along  the  firft  part  of  its  courfe — it  is 
unreafonable  to  fuppofe,  that  the  real  and  di- 
re£L  intention  of  the  hepatic  fyftem  is  deftined 
to  haften  its  expulfion.  If  this  were  the  cafe, 
there  could  not  exift  harmony  between  both  : 
the  interlines  would  always  tend  to  prevent 
what  the  bile  was  always  deftined  to  produce ; 
and  the  ductus  communis,  inftead  of  opening 
in  the  duodenum,  would  open  in  the  re&um. 

Men 
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Men  who  confider  the  phyfiology  of  the 
fyftem,  and  can  reconcile  this  warfare  of  parts 
that  are  dependent  on  each  other,  have  very 
inadequate  notions  of  the  fymmetry  that  per- 
vades throughout  the  whole,  and  the  beauti- 
ful harmony  and  fubordination  that  exift  be- 
tween the  various  parts  of  which  it  is  compo- 
fed.  It  is  far  more  reafonable  to  conclude, 
thatthe  bile  is  deftined  to  harmonife  with  the 
inteftinal  canal,  and  not  to  defeat  the  intention 
for  which  it  is  fo  peculiarly  conftructed. 

It  is  now  only  neceflary  for  me  to  fay,  that 
it  frequently  happens  that  more  food  is  intro- 
duced, than  the  power  of  the  digeftive  organs 
can  affimilate,  and  that  fome  is  frequently  taken 
in  totally  unfit  for  their  a&ion.  The  whole 
forms  in  the  ftomach  one  compound  mafs, 
from  whence  it  is  propelled  by  the  power  of 
its  mufcular  coat  into  the  duodenum.  The  ne- 
ceffity  of  fluids  therefore  muft  be  apparent, 
by  which  a  feparation  is  elfe&ed  of  the  pure 
part  of  the  digefted  aliment  from  the  fecu- 
lent, in  order  that  the  one  may  be  directly  ap- 
plied to  the  furface  of  the  interlines  for  the 
la&eals  to  abforb,  and  that  the  latter  may  be 
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Separated  and  expelled.  I  am  therefore  led  to 
inveftigate  the  ufe  of  the  pancreatic  juice  and 
bile,  as  the  agents  deftined  to  perform  this 
particular  office. 

Of  the  Ufe  of  the  Pancreatic  Juice  and  Bile. 

The  contents  of  the  ftomach  as  it  pafles 
through  the  pylorus,  until  it  reach  the  duc- 
tus communis,  appears  in  general  of  a  pappy 
confiftence,  of  a  greyifh  colour,  often  (freaked 
■with  a  white  fluid,  and  is  called  chyme.  Af- 
ter it  has  pa{fed  the  ductus  communis  two  very 
fenfible  effects  take  place ;  it  begins  to  afiume 
a  more  chylous  appearance,  and  the  contents 
of  the  ductus  communis  is  feen  floating  on  the 
furface. 

Exper.  A  dog  was  fed  on  animal  food,  and 
in  three  hours  the  abdomen  was  opened  :  a 
portion  of  the  duodenum  and  jejunum  of  con- 
siderable length  was  cut  open,  fo  that  the  con- 
tents might  be  obferved.  Portions  of  food  re- 
duced to  a  pultaceous  mafs  were  feen  oozing 
through  the  pylorus  :  the  bile  was  likewife 
obferved  to  pafs  ftowly  out  of  its  duel,  which, 
when  carefully  attended  to,  appeared  to  flow 

over 
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o<uer  the  furface  of  the  dlgefted  matter \  adhering 
to  the  inteftines.  Upon  removing  the  bile 
from  the  furface  of  this  digefted  matter,  it  did 
not  appear  to  have  mixed  with  it  in  any  fen- 
fible  degree  *. 

The  queftion  then  is,  "What  .are  the  agents 
employed  to  produce  this  feparation,  and  by 
what  power  do  they  act  ?  Let  us  therefore  ex- 
amine the  laws  of  the  animated  fyftem. 

Firft,  It  is  a  law  for  the  whole  of  life  in  a 
ftate  of  health  to  be  in  union  with  itfelf,  and 
living  parts  with  each  other. 

Secondly,  It  is  a  law  of  the  animated  fyf- 
tem for  all  living  parts  to  feparate  themfelves  as 
much  as  they  are  capable  from  fuch  as  are 
dead. 

It  is  on  the  operation  of  thefe  laws  that  the 
incretions  and  excretions  are  carried  on,  and  on 
which  the  whole  doctrine  of  digeftion  and 
of  expulfion  is  founded.  If  therefore  it  can  be 
proved  that  thefe  fluids  poflefs  different  de- 
grees of  vital  energy,  we  mail  be  led  tq.  un- 
derstand by  what  powers  they  feverally  act. 

That  the  '  gaftric  juice  poffeiTes  the  living 


*  Dr.  Saunders  on  the  Liver,  p.  123. 
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principle  in  a  moft  eminent  degree,  is  proved 
from  the  quantity  of  blood  that  rs  conveyed 
to  the  organ  by  which  it  is  formed — and  by 
its  power  of  imparting  the  general  life  of  the 
animal  to  the  food  which  is  expofed  to  its 
action. 

That  the  pancreatic  juice  poffeifes  living 
properties  is  proved  by  its  privation  of  fenfi- 
ble  ones,  and  by  its  prefervative  power ;  and 
Laftly, 

That  bile  poffefles  living  property  is  proved 
by  trying  its  prefervative  power  with  thofe  of 
blood. 

That  there  is  a  great  degree  of  difference  of 
living  power  in  thefe  feveral  fluids,  is  proved 
from  the  change  fubrtances  undergo,  when 
expofed  to  their  action  ;  by  the  ufes  to  which 
they  are  feverally  applied ;  and  by  the  difference 
in  the  quantity,  and  quality,  of  the  blood  out 
of  which  they  are  formed. 

By  a  review  of  thefe  circumftances,  we  mall 
be  led  to  conclude,  that  the  gaftric  juice  pof- 
feffes  more  life  than  the  pancreatic — the  pan- 
creatic juice  more  life  than  bile — and  bile  itfelf, 
the  offspring  of  venous  blood,  which  poffeifes 
even  in  its  moft  perfect  ftate  fenfible  proper- 
ties, 
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ties,  retains  lefs  vital  energy  than  either  of 
the  former  two. 

If  thefe  be  the  different  gradations  of  living 
power  which  thefe  feveral  fluids  contain  in  their 
fimple  ftate,  we  are  next  led  to  enquire  their 
other  properties  in  a  ftate  of  combination. 

The  portion  of  the  food  that  poflfeffed  the  ap- 
titude, and  received  the  ftamp  of  vitality  from 
the  gaftric  juice,  conftitutes  apart  of  the  fyftem, 
and  has  a  tendency  to  remain  in  union  with 
the  whole.  The  degree  of  this  tendency  will 
depend  on  the  relation  its  living  power  bears 
to  that  of  the  other  parts,  either  of  the  chyme, 
or  of  the  pancreatic  juice  and  bile. 

It  is  by  virtue  of  this  tendency,  and  of  this 
difference  in  the  degree  of  living  power,  that 
a  feparation  in  the  whole  of  the  chyme  be- 
gins to  take  place  :  the  pancreatic  juice  fepa- 
rates  the  lefs  vital  parts  of  the  chyme  from  the 
moft  vital :  and  laftly,  the  bile,  which  poffeiTes 
lefs  living  power  than  either  the  gaftric  or 
pancreatic  juice,  completes  what  the  pancreatic 
juice  had. begun  :  and  as  the  pancreatic  juice 
feparated  the  lefs  vital  part  of  the  chyme  from 
the  moft  pure,  fo  bile  feparates  the  moft  fecu- 
lent from  the  lefs  vital.    The  pancreaticjuice, 

D  d  2  therefore, 
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therefore,  forms  a  connecting  medium  between 
the  gaftric  juice  and  bile. 

Whilft  thefe  changes  are  taking  place,  the 
progrefs  of  the  chyme  along  the  inteftinal  ca- 
nal continues  in  a  flow  degree  ;  the  direction 
and  number  of  valvulae  conniventes  produce  a 
retardation  in  its  motion,  not  only  for  the 
purpofe  of  allowing  the  action  of  the  pancre- 
atic juice  and  bile  to  feparate  the  feculent  parts, 
but  that  the  lacteals  may  have  time  to  abforb 
the  chylous  parts  alfo  that  have  been  thus  fepa- 
rated,  and  which  are  by  thefe  means  imme- 
diately applied  to  the  furface  of  the  interlines. 
Whilft  therefore  the  chyle  is  abforbed,  the 
feces  are  left  behind.  Hence  it  is  proper  to  <i 
enquire,  what  change  the  bile  fuftains  by  its ; 
union  with  feculent  matter;  for  there  is  no 
evidence  that  any  part  of  it  is  abforbed  in 
ftatex  of  health. 

I  have  before  proved,  that  the  further  bil< 
departed  from  the  organ  xby  which  it  is  pre 
duced,   it  was  perpetually  lofing  its  living 
power,  and  acquiring  fenfible  properties.  Th< 
lofs  of  living  power  is  greatly  accelerated  by 
its  union  with  feculent  matter,  after  the  al 
forption  of  the  chyle.    Bile  in  this  fituation  ij 
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no  longer  that  mild  and  bland  fluid  we  have 
feen  it  in  the  pori  biliarii.  Inftead  of  acting 
by  virtue  of  its  living  power  in  feparating 
dead  parts  from  living — the  fasces  from  the 
chyle — it  acts  by  virtue  of  the  fenfible  pro- 
perties of  its  component  parts,  ftimulating  the 
large  inteftines  ;  which  is  followed  by  an  ex- 
pulfion  of  their  contents. 

The  firft  portion  of  the  inteftinal  canal, 
by  means  of  the  valvulae  conniventes,  generally 
becomes  in  contact:  with  the  whole  of  its  con- 
tents. Inftead  however  of  the  canal  diminifti- 
ing  in  diameter,  as  its  contents  are  reduced  by 
lacteal  abforption — on  the  contrary,  we  find 
it  increafes  in  fome  of  its  parts.  There  does 
appear  an  obvious  neceflity  for  this  mode  of 
conftruction — for,  when  the  ingefta  have  pafTed 
through  the  fmall  inteftines,  the  lacteals  hav- 
ing abforbed  the  chyle,  the  fasculent  parts 
only  remain — thofe  parts  that  the  pancreatic 
juice  and  bile  had  feparated  as  unfit  for  nutri- 
tion and  fupport.  Thefe  parts  therefore  are 
either  prone  to  run  into  the  procefs  of  putre- 
faction, or  have  actually  gone  into  it.  The 
quantity  of  air  that  is  extricated  at  that  time,\ 
makes  it  neceflary  that  the  organs  which  are 

D  d  3  deftined 
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deftined  to  receive  the  fubftances  that  under- 
go thefe  changes  mould  be  properly  adapted 
to  them.  Hence  the  capacity  of  the  colon, 
which  not  only  admits  very  confiderable  dif- 
tenfion,  but  by  its  junction  with  the  rectum, 
whofe  direction  is  perpendicular,  the  expul- 
fion  of  its  contents  is  thereby  facilitated. 

Thus  then  it  appears,  that  the  primary  ufe 
of  bile  is  to  affiit.  the  pancreatic  juice  in  fe- 
parating  the  fasculent  parts  of  the  food  from 
the  chylous;  whilft  the  lacteal  veflels,  which 
arife  with  open  mouths  from  the  internal  fur- 
face  of  the  inteftines,  are  abforbing  the  living, 
and  leaving  the  faeculent. 

Let  it  not  be  fuppofed  that  thefe  are  hypo- 
thetical and  conjectural  opinions.  It  is  very 
true,  that  at  the  time  I  formed  them,  I  had  not 
opened  the  ftomach  or  inteftines  of  different 
living  animals  with  a  view  of  feeing  the  opera- 
tions of  thefe  fluids  upon  the  digefted  aliment. 
I  am  however  happy  to  fay,  that  Mr.  Cooper, 
the  gentleman  I  have  already  mentioned,  has 
afcertained  the  fact,  and  has  abfolutely  feen  the 
precipitation  take  place,  by  opening  the  chy- 
lopoetic  organs  during  the  time  that  the  chy- 
Jopoefis  was  taking  place.    In  a  letter  which 

he, 
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he  has  written  to  me  upon  the  fubjecT:-,  "  I 
have  found,"  fays  he,  "  by  opening  the  fto- 
mach  and  duodenum  of  living  aninlals,  that 
a  clear  fblution  of  whatever  is  digeftible 
is  produced  in  the  ftomach  ;  and  that  no 
fooner  is  this  tranfparent  folution  mixed 
with  the  juices  from  the  pancreas  and  liver 
in  the  duodenum,  but  a  precipitation  is  pro- 
duced. The  precipitate  is  the  chyle,  which 
adheres  firmly  to  the  coat  of  the  fmall  in- 
teftines.  I  am  therefore  inclined  to  think, 
from  experiments  on  living  animals,  that  it  is 
the  office  of  the  bile  arid  pancreatic  juice  to 
feparate  the  nutritious  from  the  feculent  parts 
of  the  food. 

Nov.  29,  1797.         "  Ashley  Cooper." 

On  the  Secondary  Ufe  of  Bile. 

Having  afcertained  the  primary  and  moil 
effential  ufe  for  which  bile  is  deligned  in  fepa- 
rating  living  parts  from  dead,  I  muft  pro- 
ceed to  point  out  its  laft  and  worfl  office ; 
when  it  has  loft  all  vefliges  of  life — all  the 
harmony  it  pofTefTed  with  living  parts — and 
when  it  irritates  them  to  expel  the  fubftances 
they  contain. 

D  d  4  If 
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If  the  food  animate  received  correfponded 
both  in  quantity  and  quality  to  the  power  of 
their  digeftive  organs,  there  would  be  no  ne- 
ceflity  for  the  pancreatic  and  hepatic  fyftems, 
becaufe  the  whole  of  the  food  would  be  con- 
verted into  chyle,  would  be  abforbed  by  the 
lacteals,  and  there  would  be  no  feculent  parts 
for  the  pancreatic  juice  and  bile  to  feparate. 
It  is  therefore  owing  to  the  imperfection  of 
man,  and  other  animals,  and  to  the  inordinate 
gratification  of  their  appetites,  that  the  exiftence 
of  pancreatic  and  hepatic  organs  becomes  ne- 
ceffary.  Hence  it  is  that  temperate  men  fe- 
crete  lefs  bile  than  intemperate.  Whilft  the 
gall-bladder  of  the  former  is  generally  fmall, 
and  for  the  moft  part  empty,  in  the  latter 
it  is  generally  large  and  full.  It  is  owing  to 
this  entire  dependence  of  the  hepatic  fyftem 
on  the  chylopoetic,  that  the  different  parts  of 
which  it  is  compofed  are  fituated  and  arran- 
ged; for,  although  the  pancreatic  juice  and  he* 
patic  bile  are  perhaps  adequate  to  anfwer  com- 
mon purpofes,  the  neceflity  of  a  corps  de 
referve  for  extraordinary  occafions  muft  be 
apparent. 

The  ftomach  in  point  of  Htuation  feems  to 

bear 
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bear  the  fame  relation  to  the  gall-bladder  that  it 
does  to  the  pancreas :  it  occafions  by  diften- 
fion  a  degree  of  preflure  upon  both ;  and  it 
may  be  prefumed  that  whilft  this  diftenfion 
produces  an  evacuation  of  bile  from  the  one,  it 
will  occafion  an  increafed  fecretion  of  pancre- 
atic juice  from  the  other  *. 

It  is  probable  that  the  power  of  hepatic  bile 
is  fufficient  to  anfwer  common  purpofes  with- 
out the  aid  of  thefe  auxiliary  organs.  On  the 
contrary,  after  full  meals,  extraordinary  aflift- 
ance  is  necefTary :  the  diftended  ftate  of  the 
ftomach  gives  the  proper  ftimulus  to  thefe  or- 
gans ;  and  as  the  periftaltic  motion  of  the" 
inteftines  is  then  in  full  force,  the  admiffion 
of  thefe  fluids  upon  the  furface  of  the  duode- 
num is  readily  allowed.  It  is  by  this  admi- 
rable contrivance  that  the  food  is  fupplied  with 

*  It  is  wjth  a  view  to  this  dependence  of  the  gall- 
bladder on  the  ftomach,  that  it  is  deprived  of  a  mufcular 
coat.  If  it  poflefled  a  mufcular  coat,  it  is  probable  that 
it  would  difcharge  its  contents  by  an  effort  of  the  will, 
like  the  bladder  of  urine  ;  but  if  its  action  depended  on 
the  will,  it  could  not  principally  depend  on  the  mechani- 
cal action  of  the  ftomach.  Since  therefore  it  is  made  to 
aft  by  mechanical  preflure,  the  reafon  of  its  ftrudture,  and 
of  its  particular  fituation,  muft  be  apparent 
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bile,  and  pancreatic  juice,  in  proportion  to  its 
wants,  without  any  extraordinary  action  of 
the  liver.  When  therefore  cyftic  bile  is  em- 
ployed, it  is  rather  to  ftimulate  than  feparate, 
to  produce  expuliion,  rather  than  affift  chyli- 
fication. 

Cyftic  bile  appears  to  me  deftined  to  per- 
form the  fame  office  in  the  fmall  inteftines,  as 
hepatic  bile  does  in  the  large.  Hepatic  bile, 
after  having  feparated  in  the  fmall  inteftines 
the  faeculent  parts  of  the  food  from  the  chy- 
lous, gradually  lofes  its  own  living  power, 
and  acquires  fenfible  properties :  and  as  its 
living  power  enabled  it  to  feparate  the  differ- 
ent parts  of  the  chyme,  without  ftimulating 
the  fmall  inteftines ;  fo  by  its  fenfible  proper- 
ties it  ftimulates  the  large  inteftines  when  unfit 
to  perform  any  further  act  of  feparation. 

This  feems  to  be  nearly  the  ftate  of  cyftic 
bile  by  refidence  in  the  gall-bladder  ;  it  is  per- 
petually lofing  its  living  and  acquiring  fenfible 
properties.  When  therefore  it  gets  into  the 
fmall  inteftines,  it  ftimulates  them  as  hepatic 
bile  does  the  large :  by  the  action  of  the  for- 
mer, diarrhoea  is  produced  ;  by  the  latter,  the 
proper  alvine  excretion. 

From 
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From  the  different  properties  of  thefe  feveral 
fluids,  we  are  led  to  understand  the  reafon  why 
the  entrance  of  the  pancreatic  and  hepatic 
ducts  into  the  duodenum  is  almoft  direct,  and 
conveys  pancreatic  juice  and  hepatic  bile  into 
it  immediately  from  the  pancreas  and  liver  : 
and  on  the  contrary,  why  the  gall-bladder  is 
filled  in  an  indirect  way,  and  the  bile  it  con- 
tains is  only  occafionally  employed.  If  it  were 
conftantly  employed,  the  periftaltic  motion  of 
the  inteftines  would  be  perpetually  increafed, 
by  the  irritation  it  would  produce,  and  the 
chyle,  inftead  of  being  abforbed,  would  be  con- 
ftantly expelled. 

Since  then  the  primary  action  of  bile  is  by 
virtue  of  the  living  power  it  contains  ;  it  is 
very  evident  its  acrimony  and  bitternefs  arife 
from  the  lofs  of  its  living  power,  by  which  its 
primary  ufe  is  entirely  loft.  If  the  power  of  bile 
conlifted  merely  in  ftimulating  the  inteftines, 
cyftic  bile  would  be  better  than  hepatic,  and  gail- 
ftones  would  be  the  beft  ftate  in  which  it  could 
poflibly  be  found.  Hepatic  bile  indeed  would 
act  from  quantity  alone,  and  its  action  be  of 
little  or  no  effect,  becaufe  it  does  not,  and  can- 
not, fo  long  as  it  retains  its  living  power,  fti- 
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mulate  the  fmall  inteftines.  Fecial  bile  cer- 
tainly does  not  j  and  it  is  doubtful  whether  he- 
patic bile,  in  the  adult  ftate,  ever  comes  in  im- 
mediate contact  with  the  inteftines.  It  is  not 
until  it  has  loft  its  living  power,  that  it  be- 
comes acrid  and  ftimulating  ;  fo  that,  when  its 
acrimony  is  increafed,  its  living  power  is  dimi*- 
nifhed  or  loft. 

Of  the  Omentum. 

It  would  feem  to  be  in  order  that  the 
regular  periftaltic  motion  of  the  inteftines 
fhould  not  be  influenced  by  the  action  of  the 
abdominal  mufcles  in  the  office  of  expiration, 
that  the  omentum  exifts.  The  omentum  is  a 
broad  thin  membrane,  attached  to  the  great 
curvature  of  the  ftomach,  to  the  arches  of  the 
colon,  extending  loofely  between  the  interftices 
of  the  inteftines,  and  conftituting  a  medium 
between  them  and  the  parietes  of  the  abdomen. 
It  is  compofed  of  two  laminse,  placed  contigu- 
ous to  each  other,  veficular  in  their  fabric,  and 
thefe  veficles  are  generally  filled  with  fat ;  the 
quality  of  which  peculiarly  fits  them  for  the  ufe 
for  which  they  are  defigned.  The  external  la- 
mina is  fufficiently  moveable  to  yield  to  fmall 

degrees 
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degrees  of  preflure  from  the  parietes  of  the  ab- 
domen; whilft  the  internal  lamina,  by  receiving 
the  influence  of  that  preflure,  prevents  it,  in  or- 
dinary cafes,  from  being  communicated  and  felt 
by  the  abdominal  vifcera. 

If  it  were  not  for  the  protection  which  the 
omentum  affords  to  the  interlines,  it  is  proba- 
ble that  the  frequent  action  which  the  abdomi- 
nal mufcles  undergo  in  deprefling  the  ribs, 
would  generally  tend  to  evacuate  the  contents 
of  the  inteftinal  canal,  as  they  are  found  to  do 
when  the  fasculent  matter  they  contain  is  dis- 
charged by  an  effort  of  the  will. 

The  omentum  abounds  with  a  larger  pro- 
portion of  febaceous  matter  in  its  centre  than  in 
its  fides,  in  order  that  the  parts  of  the  abdomi- 
nal contents  that  are  mod  expofed  to  preflure 
may  be  more  perfectly  protected*. 

*  During  the  progrefs  of  difeafe,  it  generally  happens 
that  the  fat  is  abforbed,  and  the  omentum  merely  fubfifts 
as  a  thin  membrane  :  inftead  of  covering  the  inteftines, 
it  is  thrown  as  it  were  on  one  fide.  I  have  frequently 
fcen  adhefion  between  the  different  convolutions  of  the 
interlines,  when  the  omentum  fubfifted  in  this  ftate,  and 
apparently  from  the  adhefive  inflammation  having  taken 
place  between  them.  This  was  probably  owing  to  the  want 
of  protection  from  the  a&ion  of  the  abdominal  mufcles, 
which  the  omentum  ought  to  have  afforded. 

Of 
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Of  the  Chyle. 

It  is  after  the  aliment  has  been  digefted  and 
depurated,  after  the  fneculent  have  been  fepa- 
rated  from  the  pure  parts,  that  this  pure  part 
has  commonly  received  the  appellation  of  chyle. 
In  the  lower  order  of  animals,  as  hm  and  birds, 
it  is  generally  of  a  thin  watery  appearance 
and  confidence  ;  in  the  higher,  as  quadrupeds 
and  the  human  fpecies,  it  is  more  thick,  and 
evidently  of  a  globular  form  refembling  milk, 
having  a  ftrong  tendency  to  coagulate. 

It  appears  lefs  abundant  in  the  portion  of 
the  duodenum  before  the  entrance  of  the 
ductus  communis  than  beyond  it :  it  may  be 
generally  found  after  meals  in  the  jejunum  and 
ilium,  rarely  in  the  caecum,  feldom  if  ever  in 
the  colon,  and  never  in  the  rectum. 

Although  chyle  is  generally  of  a  milky 
white  colour,  it  frequently  participates  of  the 
colour  with"  the  fenfible  properties  which  the 
food  poiferTed  out  of  which  it  was  formed. 
Thus  it  is  that  rhubarb  or  turmeric  will  often 
impart  a  yellow,  faunders  a  red,  and  indigo  a 
blue  colour  to  the  chyle. 

After  it  has  been  precipitated  from  the  un- 
digefted  matter  with  which  it  may  have  been 
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combined,  and  immediately  involved  within 
the  folds  of  the  valvulse  conniventes ;  it  is  taken 
up  by  abforption  by  a  number  of  fmall  capil- 
lary veffels,  that  arife  with  open  mouths  from 
the  whole  furface  of  the  fmall  intertines ;  and 
which  have  received  the  appellation  of  lacteal 
veffels,  from  the  quality  of  the  fluid  upon 
which  they  are  deftined  to  a£t,  to  take  up  and 
convey  *. 

*  It  is  impoffible  for  me  to  enter  upon  this  part  of  the 
fubjet~l  without  mentioning  Mr.  Cruickfhank's  book  upon 
the  Abforbent  Syftem  ;  a  book  that  contains  every  thing 
that  has  ever  been  faid  of  confequence  upon  it ;  which, 
feems  to  have  exhaufted  the  fubjeft,  and  which  it  muft 
be  allowed  does  the  author  great  credit. 
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CHAP.  XIII. 

i 

OP  THE  LACTEAL  VESSELS. 

*Theirfource — their  fabric— their  ablion—the  quality  of  the 
matter  they  take  up — the  quantity — the  relative  degree  of 
their  atlion  at  different  periods  of  life—  &c.  Isfc. 

SuCH  is  the  extreme  minutenefs  of  the  ori- 
gin of  thefe  veffels,  that,  if  it  were  not  for  the 
abforbent  effects  they  produce,  we  mould  be 
unable  to  decide  from  whence  their  origin 
•begins.  Seeing  however,  as  we  have  con- 
stant opportunities  of  doing,  that  the  chyle 
which  the  interlines  contained  is  continually 
taken  up  ;  and  that  the  fluid  in  the  lacteals 
is  exactly  the  fame  in  its  properties  as  that 
which  previoufly  exifted  in  the  inteftinal  ca- 
nal, we  are  naturally  led  to  infer  that  it  is  by 
thofe  veffels  that  it  is  immediately  taken  up. 
Thus  it  is,  that  although  the  contents  of  the 
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lacteals.  is  generally  white  or  milky,  it  i$  occa- 
fionally  found  of  a  yellow,  of  a  red,  or  of  a 
blue  colour/  To  afcertain  this  point,  indigo 
blue  in  union  with  water  was  injected  in  the 
fmall  inteftines  of  a  living  dog :  after  a  fhort 
time  he  was  killed  and  opened,  and  the  colour 
of  the  abforbed  fluid  exactly  correfponded  with 
that  which  had  been  thrown  into  the  inteftines. 
Not  thefe  facls  alone  prove  their  power  of  ab- 
forption  ;  but  they  have  occasionally  been  tied 
up  at  fome  diftance  from  the  inteftines,  and 
the  fpace  between  the  inteftine  and  the  liga- 
ture was  generally  found  filled  with  chylous 
matter. 

Affuming  it  then  as  a  fact,  that  it  is  by 
them  that  chyle  is  abforbed,  it  is  neceflary  for 
me  to  defcribe  the  mode  of  their  conftruction, 
and  the  part  in  which  they  terminate.  When 
the  villous  coat  of  the  fmall  inteftine  is  exa- 
mined with  a  mi'crofcope,  it  appears  like  the 
villi  of  velvet ;  and  it  feemed  to  Dr.  William 
Hunter,  who  examined  them  with  the  fame 
inftrument,  that  from  each  of  thefe  villi  there 
were  at  leaft  fifteen  or  twenty,  or  more  ori- 
fices. Wonderful  then  is  the  provifion  by 
which  the  food,  after  it  has  been  aflimilated, 

vol.  tu  E  e  mav 
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may  be  taken  up  !  It  is  not  from  the  extent  of 
the  furface  alone  by  which  they  are  diftinguim- 
ed,  but  by  the  active  power  alfo  which  they 
feem  feverally  to  poffefs.  Mr.  Cruickfhank 
found  in  fome  experiments  which  he  made,  that 
the  chyle  was  conveyed  through  the  lacteals  in 
the  mefentery  of  a  living  dog  at  the  very  rapid 
rate  of  four  inches  in  length  in  one  fecond  of 
a  minute  ;  or,  in  other  words,  that  it  defcribed 
a  fpace  of  twenty  feet  in  one  minute.  No 
wonder  then  that  the  whole  of  the  fyftem  be- 
comes fo  fuddenly  renovated  by  cordials  and 
other  fpecies  of  nourifliment  at  particular 
times. 

Although  it  is  generally  admitted,  that  the 
la&eals  conftitute  the  agents  by  the  energy  of 
which  chyle  is  taken  up  from  the  inteftinal 
canal,  a  great  variety  fHll  exifts  as  to  the  mode 
by  which  the  effect  is  produced.  Baron  Hal- 
ler,  De  Whytte,  and  a  number  of  men  in  our 
own  days,  ftrongly  infill  that  it  proceeds  from 
capillary  attraction.  This  opinion,  however, 
was  ftrongly  combated  by  Mr.  Hunter  :  he 
conceived  on  the  contrary,  that  it  proceeded 
from  a  vital  power  refident  in  the  abforbents 
themfelves,  and  was  an  action  of  which  a  liv- 
ing 
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ing  and  not  a  mechanical  power  was  the  caufe* 
When  a  tube  pierced  with  a  very  fine  bore, 
and  open  at  both  ends,  is  immerfed  in  a  fluid, 
it  is  very  true  that  that  fluid  will  progreflively 
afcend  in  it  to  a  certain  height.    This  effect^ 
however,  is  regular  and  conftant,  is  not  liable 
to  remiflions  or  increafe ;  but  the  effect  pro- 
duced is  invariably  the  fame.    But  this  is 
far  from  being  the  cafe  with  the  abforption 
that  the  chyle  fuftains  by  the  power  of  the 
lacteals  ;  inftead  of  being  equal  at  all  times,  it 
perpetually  varies,  being  fometimes  more  ac- 
tive, at  others  more  languid  ;  and  finally  termi- 
nates altogether  foon  after  the  actions  of  the 
animated  fyftem  have  ceafed.  If  the  abforption 
of  chyle  arofe  from  capillary  attraction,  as  we 
behold  in  ordinary  cafes,  abforption  would  take 
place  more  completely  perhaps  in  the  dead 
than  in -the  living  fubject,  which  it  does  not. 
We  may  therefore  conclude  that  it  is  not  a  che- 
mical but-a  vital  ad,  arifing  from  the  inherent 
power  which  the  lacteal  veflels  contain. 

That  thefe  lacteal  veffels  poffefs  different 
coats,  Mr.  Cruickihank  afcertained  by  invert- 
ing a  portion  of  the  thoracic  duct  upon  a  glafs 
cylinder  fomewhat  larger  than  the  duct  itfelf. 

E  e  2  He 
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He  found  that  the  internal  coat  tore,  and  fhew- 
ed  the  external  one  under  it  perfect  and  en- 
tire. Such  is  the  active  power  which  'thefe 
veffels  contain,  that  we  are  from  analogy  led 
to  conclude  that  this  power  is  refident  in  a 
mufcular  coat  fimilar  to  what  the  arteries  pof- 
fefs,  and  that  the  motion  of  the  fluid  they  con- 
vey is  performed  by  one  and  the  fame  mean. 

The  lacteals  are  found  to  abound  in  their 
internal  part  with  valves  :  thefe  valves  are  of 
a  femicircular  figure,  and  are  attached  to  the 
infide  of  the  veffels  by  which  they  are  enclofed. 
It  is  likely  that  thefe  valves  are  efpecially  de- 
figned  to  prevent  the  retrograde  motion  of  the 
fluid  which  the  veffels  contain ;  that  whilft  they 
permit  it  to  flow  through  they  prevent  it  from 
returning  back.  This  is  the  general  opinion. 
Is  it  net  however  very  probable,  that  thefe 
valves  themfelves  poffefs  a  mufcular  coat, 
and  that  they  not  only  prevent  the  return  of 
the  abforbed  fluid,  but  that  they  may  urge  it 
on  by  a  power  from  behind,  and  by  that 
mean  aflift  the  coats  of  the  veffels  themfelves? 
1  think  the  mode  of  their  attachment  and  the 
imperfection  of  their  valvular  conftruction  fa- 
vour the  idea.    They  only  fill  one  half  of  the 
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vefTel,  and  are  therefore  difpofed  of  in  pairs 
at  fome  diftance,  correfponding  and  oppo- 
fite  to  each  other,  floating  loofely  in  the  lac- 
teal vefTel  itfelf.  The  fpace  between  the  origin 
and  the  termination  of  the  lacteals  progref- 
fively  decreafes,  from  two  or  three  inches  in 
the  fmall,  to  half  an  inch  in  the  large  interline. 
Thefe  verTels  are  generally  known  by  the  com- 
mon name  of  vafa  inferentia,  or  vense  lactese 
primi  generis,  and  terminate  in  fmall  glandular 
bodies,  called,  from  the  part  on  which  they  are 
fituated,  mefenteric  glands. 

The  mefenteric  glands,  like  the  lacteal  vef- 
fels,  although  fcarcely  to  be  difcovered  in 
the  foetal  ftate,  are  relatively  larger  to  the 
fize  of  the  fyftem  in  infancy  and  youth,  than 
in  the  latter  period  of  manhood,  and  efpe- 
cially  of  old  age.  They  are  not  only  larger 
but  redder  in  the  young  than  in  the  old, 
owing  probably  to  a  difference  in  the  quantity 
of  blood  they  receive.  The  venerable  Ruyfch, 
that  old  octogenarian,  ufed  to  fay,  that  he  had 
lived  for  the  laft  ten  years  of  his  life  without 
the  afliftance  of  his  lacteal  veflels  or  mefenteric 
glands. 

It  is  difficult  to  ftate  what  is  the  immediate 

E  e  3  purpofe 
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purpofe  for  which  thefe  glands  are  defigned. 
It  appears  however  very  probable,  that  the 
fluid  which  has  been  digefted,  and  which  is  con- 
veyed into  them,  undergoes  a  further  change, 
and  becomes  more  perfectly  affimilated.  Al- 
though in  common  they  are  of  an  afh  colour, 
they  appear  white  during  the  abforption  of 
chyle.  That  the  vafa  inferentia  terminate  in 
thefe  glands,  feems  probable  from  hence,  that 
the  number  of  veifels  that  go  in  do  not  cor- 
refpond  with  thofe  that  come  out.  The  vef- 
fels  that  come  out  of  the  mefenteric  glands  are 
called  vense  lacTieae  fecundi  generis,  or  vafa 
efferentia :  they  are  generally  larger  than  the 
former,  and  fewer  in  number  ;  and  thefe  again 
terminate  in  glands  of  a  fimilar  kind.  Other 
veffels  again  arife  from  thefe  glands,  until  at 
length  they  progreflively  unite  into  one  trunk, 
forming  one  conftituent  portion  of  the  tho- 
racic duel. 


CHAP. 
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CHAP.  XIV. 

OP  THE  LYMPHATIC  ABSORBENT  VESSELS. 

Divided  into  two  fets—lfi,  thofe  that  arife  from  the  furface  of 
the  body,  and  abforb  things  from  'without— idly,  thofe  that 
arife  from  within,  and  abforb  different  parts  of  the  fyftem 
itfe/f — their  aclions  excited  under  different  circumjiances, 
which  are  particularly fated — Mr.  Hunter's  opinion  exa- 
mined and  proved  to  be  an  erroneous  one,  tsfc.  &c.  &c. 

It  is  not  through  the  medium  of  the  lacteal 
veflels  alone,  which  arife  from  the  furface  of 
the  fmall  inteftines,  that  the  blood  is  fupplied 
with  nourishment  and  fupport :  it  receives  a 
conftant  and  confiderable  addition  from  the 
medium  in  which  the  fyftem  is  fituated,  by 
abforption  from,  the  furface  of  the  fkin  ;  and 
finally,  from  the  different  parts  of  the  animated 
fyftem  itfelf,  after  thofe  parts  have  fulfilled  the 
end  for  which  they  were  defigned — when 
they  are  lofing,  or  after  they  have  actually 
loft,  their  living  and  prefervative  properties, 
and  are  verging  to  a  dying  ftate. 

E  e  4  The 
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The  powers  or  agents  by  which  this  effect 
is  produced,  are  called  lymphatic  abforbent 
vejfels. 

I  mall  divide  them  into  two  fpecies :  firft, 
thofe  that  arife  from  the  furface  of  the  {kin, 
and  take  up  fluids  external  to  the  body  ;  and 
fecondly,  thofe  that  arife  from  the  internal 
parts  of  the  fyftern  itfelf,  whether  from  cir- 
cumfcribed  cavities,  or  from  the  folid  fabric  of 
every  organ,  and  which  abforb  portions  of  that; 
iyftem,  both  folids  and  fluids  alfo. 

Of  the  Lymphatic  Abforbent  Veffels  of  the  Skin, 

In  point  of  conftruclion  and  mode  of  action, 
thefe  veflels  refemble  the  lacteal  abforbent  vef- 
fels,  which  I  have  already  defcribed ;  they 
differ  from  them  only  in  the  fituation  from 
whence  their  origin  begins,  and  in  the  quality 
of  the  matter  which  they  abforb.  Such  is  the 
fubtilty  of  their  orifices,  that,  although  we  are 
able  to  trace  in  a  retrograde  manner  the  fibrils 
as  far  as  the  flun  itfelf,  we  are  unable  to  behold 
the  orifices  themfelves — although,  deprived  of 
the  evidence  of  our  fenfes,  we  have  proof  fuf- 
ficient  of  their  actual  exiftence. 

That  the  lymphatics  arife  from  the  ikin, 

is 
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is  proved  in  a  moll  decided  manner  from 
hence,  that  fubftances  which  are  rubbed  on 
its  furface  may  be  often  detected  in  different 
parts  of  the  body.  Thus  it  is  that  mercury, 
after  having  been  triturated  with  axunge, 
is  abforbed  from  the  fkin  (after  friction  has 
been  ufed),  is  conveyed  into  the  blood,  and 
afterwards  depofited  in  particular  parts,  pro- 
ducing its  fpecific  mode  of  irritation.  It  has 
J  know  been  doubted,  difputed,  and  de- 
nied, that  mercury  in  a  folid  and  palpable 
form  was  ever  taken  up  from  the  fkin.  The 
fact  however  mud  be  ftated,  that  Longbottom, 
the  articulator,  had  in  his  poffeflion  the  fkele- 
ton  of  a  man,  who  died  after  a  long  courfe  of 
mercury,  when  particles  of  mercury  were 
actually  found  in  the  cancelli  of  the  bones. 

There  is  alfo  reafon  to  believe  that  different 
morbid  poifons,  when  applied  to  the  furface  of 
the  cuticle,  are  frequently  abforbed  from  it,  as 
the  poifon  of  fmall  pox,  of  fyphilis,  &c.  &c. 

Admitting  the  fact  that  the  lymphatic  veffels 
arife  from  the  Ikin,  and  convey  things  from 
without  to  the  fyftem  itfelf,  it  would  naturally 
become  a  curious  matter  if  we  were  able  to 
afcertain  the  power  they  are  capable  of  exer- 

cifing. 
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cifmg.  The  different  ftahcdi  experiments  that 
have  been  made  with  that  view,  although 
they  eftablifh  the  general  fadt,  are  liable  to 
deception  when  we  wifli  to  afcertain  the 
quantity  in  -particular.  I  cannot  however 
give  a  more  finking  illuftration  of  the  pow- 
er which  thefe  abforbent  veffels  are  found 
occafionally  to  exert,  than  by  1.  referring  the 
reader  to  the  different  cafes  which  he  may 
have  feen  of  diabetes  melitus  ;  when  the  quan- 
tity of  fluids  that  are  excreted  by  urine  for 
months  together,  furpafs  in  an  almoft  infi- 
finite  degree  the  quantity  that  has  been  re- 
ceived into  the  ftomach,  and  which  it  is  moft 
probable  were  abforbed  from  the  furface  of  the 
{km  by  the  lymphatics.  There  have  been 
fome  cafes  of  this  kind  lately  publifhed 
by  Dr.  Rollo,  to  which  the  reader  muft 
refer.  Thefe  veffels,  like  the  la&eals,  anafta- 
mofe  with  each  other.  In  the  extremities 
they  proceed  a  confiderable  way  in  this  man- 
ner before  they  terminate  in  lymphatic  glands  : 
on  the  contrary,  thefe  glands  are  more  nu- 
merous in  the  abdomen  and  thorax,  and  the 
lymphatic  veffels  dip  into  them  at  fhort 
diftances. 

Of 
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Of  the  Lymphatic  Ahforbent  Vejfels  of  the 
Internal  Parts. 

Such  is  the  perifhable  condition  of  all  gene^ 
rated  beings,  that  they  are  in  a  perpetual  ftate 
of  mutation  and  decay  :  governed  as  they 
are  by  the  fleeting  meafure  of  time,  they  lofe 
every  inftant  the  identity  of  their  nature  :  the 
parts  that  are  received  from  without,  and  which 
have  obtained  the  participation  of  life,  are  con- 
ftantly  lofing  that  participation,  and  verging 
to  a  dying  ftate.  Hence  arifes  the  neceffity  of 
veflels  that  are  deftined  to  remove  the  different 
parts  of  which  the  animated  fyftem  is  com- 
pofed,  as  foon  '  as  they  are  difqualified  to  an- 
fwer  the  purpofe  for  which  they  were  orga- 
nized. If  it  were  not  for  the  action  of  thefe 
vefTels,  the  different  parts  would  undergo 
the  fame  putrefactive  changes  in  the  fyftem, 
that  they  invariably  do  out  of  it ;  and  thus  it 
would  happen,  that  every  animated  body 
would  be  a  compound  of  life  and  death, 
of  animal  matter  in  a  ftate  of  action  and  of 
felf-prefervation,  and  of  animal  matter  in  a 
ftate  of  putrefaction.  It  is  far  otherwife. 
Every  living  fyftem  is  conftituted  in  the  beft 
2  pofhble 
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poffible  way  to  anfwer  the  final  caufe  of  its  ex^ 
iftence  ;  and  as  it  is  fupplied  with  organs  by 
mean&  of  which  a  fupply  is  produced,  fo  it  is 
endowed  with  the  means  of  removing  the  parts 
that  are  wafted  and  decayed  ;  it  is  this  import- 
ant office  for  which  this  third  order  of  ab- 
forhent  veffels  are  efpecially  allotted. 

They  arife,  like  thofe  we  have  already  de- 
feribed,  with  open  mouths  from  the  internal 
furface  of  circumfcribed  cavities;  from  the 
different  interftitial  parts  of  the  fyjftem,  from 
the  fbft  texture  of  mufcles,  from  the  folid 
fabric  of  bones,  and,  in  ihort,  from  every  part 
that  is  diftinguifiied  by  any  organization.  The 
abfbhite  neceffity  of  thefe  veffels  will  be  more 
apparent,  if  we  revert  to  the  different  periods 
of  evolution  which  different  organs  fuftain,  and 
the  progreffive  decay  they  undergo  after  they 
Itave  anfwered  the  end  for  which  they  were 
formed.  Thus  it  is  that  the  thymus  gland, 
which  is  of  cor.fiderable  magnitude  in  the  foetal 
flate,  and  which,  no  doubt,  anfwers  fome  of- 
fice (unknown  indeed  to  us),  is  taken  up  and 
Temoved  ; — that  the  alveoli  which  inclofe  the 
milk  teeth,  are  abforbed  in  proportion  as  the 
evolution  of  the  fecond  fet  takes  place.    It  is 

by 
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by  their  action  that  the  immenfe  magnitude 
which  the  uterus  has  attained  during  the  pe- 
riod of  geftation  becomes  diminished  and  re- 
duced to  its  original  fize,  after  parturition  has 
taken  place.  During  the  virgin  or  unimpreg- 
nated  ftate  of  this  organ  thefe  veffels  can 
fcarcely  be  detected.  On  the  contrary,  when 
they  are  employed  in  pulling  down  and  un- 
building the  fabric  of  this  organ,  they  acquire 
the  enormous  fize  of  a  quill. 

It  is  through  the  energy  of  thefe  veffels  that 
the  cancelli  of  the  bones  are  abforbed,  and  that 
morbid  tumours  are  difperfed  ;  that  the  preter- 
natural accumulation  of  ferum  and  pus  in  cir- 
tumfcribed  cavities,  as  the  thorax,  abdomen^ 
and  fcrotum,  is  frequently  removed,  the  ulcer- 
ation of  the  integuments  effected,  and  accu- 
mulation of  purulent  matter  difcharged.  They 
in  fact  feem  defigned  to  preferve  the  fyftem 
in  a  found  condition,  by  acting  upon  and  re- 
moving the  parts  of  which  it  is  compofed,  that 
are  in  a  ftate  of  difeafe  ;  or,  when  preternatural 
accumulation  exifts,  that  might  impede  the 
functions  of  parts,  or  bereave  them  of  the 
power  of  acting.  The  active  power  which 
thefe  veffels  poffefs,  has  been  afcertained  by  va- 
rious 
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rious  experiments.  "  Six  pints  of  warm  water 
were  injected  in  the  abdomen  of  a  living  dog  : 
fix  hours  after  he  was  killed  and  opened,  and 
four  ounces  only  of  the  fluid  was  found  to  re- 
main ;  and  it  muft  have  often  fallen  to  the  ob- 
fervatioh  of  moll  practitioners,  to  have  feen 
great  accumulations  of  water  in  the  abdomen 
removed  in  a  very  fhort  time  by  the  energy  of 
thefe  veffels. 

That  thefe  veffels  are  defdned  to  preferve 
the  fyftem  in  a  ftate  of  health,  by  removing 
the  parts  of  it  which  are  dying  and  difeafed,  is 
further  proved  from  the  emaciation  which  we 
behold  in  confequence  of  their  actions,  during 
the  progrefs  of  nearly  all  complaints,  whether 
they  are  produced  by  that  worm  that  always  ac- 
companies anxiety  of  mind,  or  corporeal  caufes 
of  a  morbid  kind.  This  idea  is  further  corrobo- 
rated from  the  rapid  maimer  in  which  the  effect 
is  produced  in  difeafes  of  debility,  as  the  fcurvy, 
typhus  fever,  &c.  It  is^proved  alfo  from  abforp- 
tion  taking  place  in  weak  rather  than  in  ftrong 
parts,  in  fuch  as  have  been  newly  formed,  than 
in  thofe  of  an  original  construction.  Thus  it 
is  that  we  have  ulceration  of  the  fkin  from  pref- 
fure — of  the  gums,  from  fcurvy;  and  we  are  in- 
formed 
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formed  by  the  elegant  author  of  Lord  Anfon's 
Voyage,  that  fome  of  the  feamen  that  had  frac- 
tured bones,  and  which  had  been  united  for 
many  years,  had  the  connecting  callus  abfbrb- 
ed,  and  the  fracture  reproduced,  without  any 
exciting  caufe  externally  applied. 

That  weaknefs  of  the  folids  and  fluids  of  the 
animated  fyftem  excites  the  action  of  the 
lymphatic  abforbent  veffels,  is  further  proved 
from  the  impreflion  of  fear.    A  friend  of  mine 
had  a  boy  under  his  care,  having  a  large  col- 
lection of  ferum  in  the  abdominal  cavity, 
which  he  had  determined  to  evacuate  by  the 
operation  of  tapping.    On  the  day  that  the 
operation  was  to  be  performed,  the  boy  was 
feized  with  fuch  terror,  that  it  was  thought 
prudent  to  fufpend  the  operation.    On  exa- 
mining the  abdomen  the  next  day,  it  was 
found  to  be  confiderably  fofter,  and  that  a 
confiderable  abforption  of  the  fluid  had  taken 
place :  it  continued  from  that  time  progreflively 
to  increafe,  and  in  a  fhort  time  the  fluid  totally 
difappeared. 

Malpighi  was  of  opinion,  that  the  action 
of  thefe  veflels  continued  after  the  other  ac- 
tions of  the  fyftem  had  ceafed  ;  and  insti- 
tuted 
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tuted  fome  experiments  to  prove  his  afTertiom 
The  fad  however  was  afcertained  by  Mr. 
Cruicklhank.  He  tied  up  the  trunks  of  the  ar- 
teries and  veins  belonging  to  a  portion  of  the 
great  inteftines  of  an  afs,  after  it  had  been 
dead  a  few  minutes,  (the  inteftines  were  ftill 
in  the  cavity  of  the  abdomen,  and  the  parts 
were  not  cold).  "  I  knew,"  fays  he,  "  that 
the  trunks  of  the  abforbents  muft  be  enclofed 
in  the  ligature,  although  not  one  of  them 
was  then  vifible.  Two  hours  after  I  returned* 
and  found  a  number  of  abforbents  tinged  with 
a  tranfparent  lymph.  I  opened  one  of  the 
largeft  with  a  lancet.  The  fluid  ilfued  in  a 
ftream ;  which  it  could  not  have  done,  unlefs 
the  veffels  had  continued  to  abforb  or  to 
propel  their  fluids  with  great  force  after  the 
death  of  the  fyftem 

And  finally,  I  have  frequently  feen  large 
edematous  fwellings  on  the  feet  completely  re- 
moved after  the  total  fufpenfion  of  refpiration, 
hot  from  a  more  extended  diffufion  of  the  fe- 
rura  in  the  cells  of  the  cellular  membrane,  be- 
caufe  the  pofition  of  the  limbs  continued  the 

*  See  his  Treatife  on  the  Abforbents; 

fame 
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fame  all  the  time  ;  it  could  only  proceed  from 
the  action  of  the  lymphatics  having  continued 
after  the  action  of  the  vafcular  fyftem  had 
terminated. 

That  the  action  of  thefe  vefTels  continues 
under  the  loweft  poffible  ftate  of  general  de- 
bility that  can  be  conceived,  is  proved  by  the 
phenomena  we  behold  in  torpid  animals.  It 
is  a  fact  that  the  bears  in  Greenland,  during 
the  fummer  and  autumnal  months,  are  remark- 
able for  the  quantity  of  fat  with  which  they 
abound,  until  they  become  torpid.  They  re- 
main in  this  ftate  during  the  long  period  of  a 
polar  winter,  and  when  the  fpring  returns  they 
are  always  found  bereaved  of  all  their  fat,  ema- 
ciated and  lean :  an  evident  proof,  that  al- 
though the  general  actions  of  the  fyflem  were 
fufpended,  thofe  of  the  lymphatics  ftill  con- 
tinued *. 

We  may  therefore  conclude,  that  the  lym- 

*  Such  is  the  voracity  of  thefe  animals  when  ftrongly 
impelled  by  the  call  of  hunger,  that  they  have  been 
known  to  faften  upon  the  back  of  a  whale,  to  tear  and 
devour  a  part  of  it.  The  whale  immediately  dives  as 
deep  in  the  water  as  its  lungs  will  allow;  and  the  bear  has 
been  feen  to  have  continued  and  preferved  its  grafp  until 
the  whale  was  again  obliged  to  rife  upon  the  furface. 

vol.  a.  F  f  phatic 
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phatic  abforbent  veflds  are  efpecially  allotted 
the  office  of  removing  the  different  parts  of  the 
fyftem  that  are  either  fuperfluous  or  difeafed, 
in  order  that  the  whole  may  be  prcferved  in 
a  healthy  ftate. 

Great  then  mult,  have  been  the  error  of 
Mr.  Hunter  in  having  afcribed  the  office  of 
modellers  of  our  frame  to  this  deftructive  fyf- 
tem of  veffels,  that  diminish  the  fabric  of  the 
whole  by  the  parts  they  abforb,  and  often  de- 
ftroy  the  form  itfelf ;  that  are  only  deftined  to 
remove  the  parts  of  the  fyftem  that  are  unfit 
to  fupport  the  model,  although  once  confti- 
tuting  a  portion  of  it.  They  bear  the  fame 
relation  to  the  modellers  that  the  common 
labourer  does  to  the  architect,  being  deftined 
alone  to  pull  down  and  carry  away  the  ma- 
terials that  are  worn  out  and  unfit  for  the 
fupport  of  the  machine.  It  is  inconfiftent 
with  common  fenfe  to  afcribe  the  office  of 
modellers  to  organs,  that  remove  without 
producing,  that  take  down  the  whole  fa- 
bric inftead  of  fafhioning  it :  this  is  miftaking 
an  efFect  for  a  caufe,  the  beginning  for  the 
end.  It  is  in  fad,' and  I  beg  pardon  for  the 
exjpreffion,   both  contradictory  and  abfurd 

to 
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to  afcribe  to  them  fuch  an  office.  Mr.  Hun- 
ter and  his  followers  may  contemplate  with 
admiration,  the  exquifite  beauty  that  exifts 
in  the  model  of  a  jaw  deprived  by  the 
acYion  of  the  lymphatics,  of  fockets  and  of 
teeth,  and  in  the  phagedenic  ulceration  of  an 
extended  furface.  But  he  will  never  perfuade 
me,  that  the  fyftem  of  veffels  that  is  allotted  to 
perform  thefe  deftructive  actions,  are  thofe  by 
which  the  beautiful  enamel  and  the  polifhed 
furface  are  laid* 

Thefe  veffels  anaftamofe  with  the  other 
lymphatics  of  the  fyftem,  as  well  as  with  the 
lacteals  in  the  abdoinen.  Thefe  different 
branches  generally  congregate  together  into 
two,  one  on  each  fide,  before  they  ultimately 
unite,  and  form,  with  the  addition  of  the 
one  which  I  have  already  defcribed  from  the 
lacteals,  the  thoracic  duel:  *; 

*  Mr.  Hewfon  was  of  opinion,  that  it  was  this  matter 
which  the  lymphatics  had  abforbed  that  conftituted  the 
central  particle  obfervable  in  the  red  globules.  I  confefs 
that  I  am  very  much  difpofed  to  think  that  he  is  right — 
although  evidently  wrong  in  the  ufe  which  he  afcribed  to 
the  fpleen  as  being  fubfervient  to  this  office  alfo. 


Ff  2  The 
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The  Thoracic  Duel, 

It  varies  in  magnitude  in  different  fubject&r 
in  fome  it  is  not  above  an  eighth  of  an  inch  in 
diameter  ;  in  others  it  is  as  much  as  a  quar- 
ter j  in  fome  it  is  not  twelve  inches  long,  in 
others  it  is  from  fixteen  to  eighteen. 

It  generally  begins  on  the  left  fide  of  the 
fpine,  about  the  third  vertebra  of  the  loins  :  it 
afterwards  proceeds  along  the  right  of  the  firft 
lumbar  and  dorfal  vertebra,  the  four  upper- 
moft  excepted  :  it  then  re-palfes  from  the  right 
to  the  left  fide,  emerging  from  the  cavity 
of  the  cheft,  about  one  inch  above  its  deftin- 
ed  termination  ;  thence  proceeds  downwards, 
forming  an  arch  by  this  defcent;  and  finally 
terminates  in  the  angle  which  is  formed  be- 
tween the  left  jugular  and  fubclavian  veins. 
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OF  THE  VEINS. 

^TJoeir  origin — their  fabric— their  mode  of  termination — the 
difference  of  them  from  arteries  pointed  out — the  power  by 
nvhich  the  blood  is  propelled  through  them — the  term  circrf- 
lation  difputedy  tsfc.  Izfc. 

It  is  unneceflary  for  me,  after  having  given 
a  general  defcription  of  the  arteries,  to  fearch 
for  the  origin  of  the  different  veins.  It  fuf-> 
fices  to  fay,  that  befides  the  exhalant  out- 
let which  arteries  poffefs,  and  through  the 
medium  of  which  a  quantity  of  fluid  is  con- 
ftantly  difcharged  for  the  purpofe  of  fecretion, 
and  which  we  have  already  noticed,  the  por* 
tion  of  the  blood  which  is  not  employed  for 
that  purpofe,  flows  through  a  continuous  canal 
which  takes  a  retrograde  courfe  :  it-  is  this  vef- 
fel  which  brings  and  returns  the  refiduary 
part  of  the  blood,  that  is  called  a  vein,  and 
which  begins  where  the  artery  terminates. 

Ff  3  Veins 
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Veins  vary  very  materially  in  their  con- 
ftruction  from  arteries  ;  they  poffefs  lefs  elas- 
tic ligament,  and  become  flaccid  and  collap- 
fed  when  empty  of  their  blood.  On  the' con- 
trary, fuch  is  the  elafticity  of  the  arteries,  that 
they  preferve  their  circular  form,  although  de- 
prived of  any  fluid  whatever.  Arteries  di- 
miniih  in  fize  and  increafe  in  mufcularity  as 
they  proceed  from  their  origin  to  their  termi- 
nation. On  the  contrary,  veins  have  a  fmall 
origin,and  increafe  in  fize  and  in  mufcularity  as 
they  proceed  to  their  termination  in  the  heart. 
Arteries  are  deftitute  of  valves.  On  the  con- 
trary, veins  abound  with  them.  And  finally, 
arteries  are  deftined  to  convey  blood  from  the 
lungs  through  the  medium  of  the  heart  to  the 
different  parts  of  the  fyftem.  On  the  con- 
trary, veins  are  deftined  to  return  blood  from 
the  different  parts  of  the  fyftem,  through  the 
medium  of  the  heart,  that  it  may  be  conveyed 
back  to  the  lungs. 

Arteries  multiply  and  ramify  as  they  pro- 
ceed from  the  heart-  On  the  contrary,  veins 
congregate  and  truncate  as  they  approach  to 
it.    Arteries  proceed  at  acuter  angles  from 

their 


OF  THE  VEINS.  439 

their  trunk,  in  proportion  as  they  recede  from 
the  aorta.  On  the  contrary,  veins  have  no 
definite  angle  at  which  their  branches  en- 
ter their  trunks,  and  they  anaftamofe  with 
each  other  more  frequently  than  arteries. 

It  is  generally  believed  that  the  motion  of 
the  blood  through  the  veins  is  effected  by  the 
vis  a  tergo  from  the  arteries.  However  reafon- 
able  it  may  be,  that  this  impulfe  which  the 
blood  has  received  from  the  arteries  may  pro- 
pel it  fome  diftance  in  the  fmall  veins,  it  leems 
very  improbable  to  me  that  this  motion  is  con- 
tinued in  the  larger  branches,  more  efpecially 
as  they  approximate  to  the  heart.  The  veins 
bear  the  fame  relation  to  the  arteries,  with  re- 
fpect  to  the  motion  they  receive  from  them, 
as  the  arteries  do  to  the  left  ventricle  of  the 
heart.  The  arteries  gradually  diminim  in 
fize  as  they  recede  from  the  heart :  the  veins 
gradually  enlarge  as  they  approach  to  it.  If 
it  be  allowed  that  this  mode  of  conftru&ion 
is  favourable  to  the  propulfion  of  the  blood, 
by  the  power  of  the  left  ventricle,  into  the  ar- 
teries, furely  it  is  moll:  unphilofophical  to  fup- 
pofe  that  a  conftruction  totally  different  is  fa- 
vourable for  the  production  of  the  fame  effect 

Ff  4  by 


OF  THE  VEINS. 


by  virtue  of  the  fame  power  *.  It  feems,  I 
confefs,  more  probable  to  me,  that  the  veins 
convey  the  blood  they  contain  for  the  mod 
part  by  an  inherent  power  of  their  own,  re- 
ceiving but  little  afhftance  from  the  arteries. 

The  veins  take  up  blood  from  the  corpora 
cavernofa,  and  propel  it  without  any  vis  a 
tergo  from  the  arteries.  In  amputated  limbs, 
the  blood  in  the  veins  is  conveyed  by  the  fame 
force.  Why  then  mould  we  deny  them  the 
fame  power  which  we  have  feen  the  lympha- 
tic veffels  poffefs  in  fo  eminent  a  degree  ? — 
veffels  that  we  are  fure  receive  no  propelling 
power  from  any  auxiliary  organs,  and  whofe 
valvular  conftruction  is  fimilar  to  that  which 
we  behold  in  veins  in  general. 

*  It  is  fomewhat  remarkable,  that,  upon  fo  fimple  a 
queftion  as  this,  fuch  an  uncertainty  fhould  ftill  prevail. 
I  have  put  the  queftion  to  feveral  of  the  moft  eminent 
anatomifts  in  London.  Some  think  that  it  was  effe&ed 
principally  by  the  vis  a  tergo  from  the  arteries  ;  and  that 
valves  in  the  veins,  by  fufpending  the  column  of  blood, 
whilft  they  prevent  the  preffure  of  it,  allow  it  to  preferve 
the  motion  communicated  to  it  from  the  arteries  :  nay, 
more,  they  had  feen  the  veins  occafionally  pulfate,  and 
the  pulfation  was  fynchronous  with  that  of  the  arteries. 
Others  again  are  of  a  totally  different  opinion,  and  afcribe 
the  effetl  to  the  veins  alone. 
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The  blood  which  is  returned  from  the 
head,  is  conveyed  by  three  branches,  by  the 
external  and  internal  jugular  veins,  affifted  by 
the  vertebral.  Thefe  three  veins  correfpond 
to  the  three  arteries  which  convey  blood  to  it. 
From  the  fuperior  extremities  the  blood  is  re- 
turned by  veins  that  have  received  particular 
names,  and  that  are  differently  fituated,  as 
cephalica,  media,  and  bafilica.  Thefe  different 
veins,  after  running  along  the  infide  of  the 
fore-arm,  and  anaftamofing  very  freely,  by 
means  of  the  ramifications,  of  which  their 
trunks  are  ultimately  formed,  pafs  the  bend  of 
the  arm,  and  proceed  towards  the  outer  edge  of 
the  external  portion  of  the  biceps  mufcle  ;  and 
after  going  between  the  pectoral  and  deltoid 
mufcles,  terminate  in  the  axillary  vein,. from 
its  fituation  in  the  axilla.  The  axillary  veins 
therefore  are  formed  by  the  united  branches  of 
the  veins  from  the  fuperior  extremities,  with 
the  addition  of  thofe  that  arife  from  the  different 
mufcles  fituated  about  the  fcapula  and  thorax. 

It  is  by  the  congregation  of  thefe  different 
trunks  of  the  jugular,  axillary,  and  vertebral, 
that  the  fubclavian  veins  are  formed.  The 
two  fubclavian  veins,  the  right  and  left,  after. 
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approximating  each  other  in  the  fuperior  part 
of  the  thorax,  unite  into  one  trunk,  and  the 
vein  thus  formed  is  called  vena  cava  fuperlorc 
The  cava  fuperior  receives  the  addition  of  a 
considerable  trunk  called  vena  azygos,  which 
is  itfelf  formed  by  the  united  branches  of  the 
intereoftal  veins,  and  from  other  veins  derived 
froni  different  parts  of  the  cheft. 

From  the  lower  parts  of  the  body  the  blood 
is  returned  by  the  medium  of  veins  conftru&ed 
in  the  fame  way,  and  arranged  in  the  fame 
manner  as  thcfe  we  have  already  described, 
deriving  their  appellation  either  from  the  or- 
gan from  whence  they  arife,  or  from  the  ar- 
tery of  which  they  are  a  continuation.  It  fuf- 
fices  to  fay,  that  they  all,  like  thofe  from  the 
fuperior  part  of  the  fyftem, ultimately  unite  into 
one  trunk,  and  form  the  vena  cava  inferior. 

The  vena  cava  inferior,  after  piercing  the  di- 
aphragm, penetrates  the  pericardium  ;  it  unites 
with  the  vena  cava  fuperior,  and  enters  in 
one  trunk  the  right  auricle  of  the  heart. 

It  is  owing  to  the  high  degree  of  deteriora-f 
tion  which  the  blood  fu Mains  in  the  moft  ra- 
tional beings,  in  confequence  of  the  fupply  it 

affords  to  the  different  organs  through  which 
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the  various  functions  both  of  body  and  of 
mind  ai\:  carried  on,  that  the  neceflity  abfo.-, 
lutely  arifes  for  an  increafed  degree  of  power 
by  which  it  is  returned  to  the  lungs,  and  for 
a  more  extended  power  in  the  lungs  them- 
fclves.  Thus  it  is  that  we  are  led  to  compre- 
hend the  caufe,  why  the  organ  by  means  of 
which  the  blood  in  the  fcetal  ftate  is  pu- 
rified and  formed  is  different  from  that  of  the 
adult,  as  well  as  the  organ  by  whofe  power  it 
is  efpecially  conveyed  ;  in  the  one  cafe,  where 
there  is  evolution  only  without  general  action  ; 
in  the  other,  where  there  is  evolution  and 
general  a&ion  together.  Inftead  of  one  third 
part  of  the  blood  flowing  from  the  right  au- 
ricle to  the  left,  without  going  to  the  ventricle, 
the  whole  flows  into  the  right  ventricle.  It 
is  prevented  from  regurgitating  into  the  au- 
ricle by  the  medium  of  the  tricufpid  valves ; 
and  inftead  of  another  third  part  or  more 
flowing  through  the  medium  of  the  ductus  ar- 
teriofus  immediately  into  the  aorta,  the 
whole  blood  is  propelled  by  the  contraction  of 
the  right  ventricle,  through  the  medium  of 
the  pulmonary  arteries,  into  the  lungs,  The 
blood  is  prevented  from  returning  from  the 

pulmo- 


444 


OF  THE  VEINS. 


pulmonary  artery  into  the  ventricle  by  three 
femilunar  valves,  or  of  flowing  into  the  aorta 
through  the  ductus  arteriofus,  by  the  total  ob- 
literation of  that  canal.    It  is  therefore  pro- 
pelled through  the  medium  of  the  pulmonary 
artery  wholly  and  folely  into  the  lungs,  not 
only  with  a  view  of  being  again  meliorated,  as 
we  have-  feen  it  was,  by  the  union  with 
caloric,  or  of  vital  air ;  but  that  the  impure 
parts  may  be  feparated  from  the  mafs  through 
the  exhalant  extremity  of  the  pulmonary  ar- 
tery, and  expelled  as  deleterious  and  foreign. 
It  is  this  act  of  expulfion  in  which  expi- 
ration confifts. — By  infpiration,  therefore,  air 
is  received  into  the  lungs ;  by  digeflion,  the 
pure  portions  of  the  whole  are  afTimilated  and 
abforbed  ;  and  by  expiration,  the  impure  parts 
are  feparated  and   difcharged:    fo  that  the 
whole  taken  together  conftitutes  the  pheno- 
menon of  refpirationy  the  final  caufe  of  which 
is  the  perfection  of  fangujfication. 
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CHAP.  XVI. 

OF  THE  DIFFERENT  DEGREES  OF  POWER  IN  THE 
VASCULAR  ORGANS  OF  DIFFERENT  SYSTEMS. 

In  vegetables — in  fijh — in  amphibia  and  animals  of  an  higher 
clafs—the  relative  degree  of  velocity  with  tuhich  the  blood  is 
moved  in  thefe  different  fyjlems. 

It  is  owing  to  the  high  degree  of  vitality 
which  the  different  fyftems  poflefs,  which  I 
have  defcribed,  to  the  fmall  degree  of  wafte 
which  they  confequently  fuftain  from  the  li- 
mited nature  of  the  actions  they  feverally  per- 
form, that  we  behold  the  organs  by  which  the 
blood  is  conveyed,  fo  comparatively  fmall  with 
refpect  to  quadrupeds  in  general,  and  the  hu- 
man fpecies  in  particular. 

The  medulla  of  vegetables  is  propelled 
either  by  a  vis  a  tergo  from  the  roots,  or  by  the 
power  of  the  fap  velfels  alone.    In  fifli,  the 

blood 
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blood  is  received  from  the  branchiae  by  a  mul- 
titude of  veins  that  arife  from  the  furface  of 
that  organ,  and  which  ieem  analogous  to  the 
pulmonary  veins  of  the  moft  complicated  ani- 
mal. Although  they  arc  analogous  to  them 
in  their  origin,  they  are  totally  different  from 
them  in  their  termination .  Inftead  of  congre- 
gating together  like  the  pulmonary  veins,  and 
uniting  in  the  left  auricle,  that  they  may  be 
conveyed  by  the  power  of  the  ventricle  through 
the  aorta  to  the  different  parts  of  the  body; 
the  branchial  veins  do  not  enter  the  heart ; 
they  form  at  once  an  aorta,  a  fhort  way  from 
the  gills,  without  the  intervention  of  a  heart. 
The  aorta  divides  into  different  trunks,  and  fup- 
plies  the  different  parts  of  the  body  with  liv- 
ing blood  :  the  blood  is  returned  from  the  dif- 
ferent parts  of  the  fyftem,  as  in  other  animals, 
by  two  veins  of  confiderable  magnitude,  which 
terminate  in  a  heart.  The  fimplicity  of  the 
heart  in  fiih  correfponds  to  the  nature  of  its 
functions.  It  is  only  deftined  to  receive  the 
blood  from  the  different  parts  of  the  fyftem, 
and  to  convey  it  to  the  branchiae.  It  is  therefore 
compofed  of  an  auricle  and  of  a  ventricle  j  of 
one  auricle  by  which  the  blood  is  received,  and 
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of  one  ventricle  by  which  it  is  conveyed — re- 
ceived from  all  the  different  parts  of  the  body 
by  the  medium  of  different  veins — conveyed 
through  the  medium  of  the  pulmonary  artery 
to  one  part — to  the  branchiae,  as  the  fangui- 
-fying  organ  of  the  fyftem,  in  order  that  the 
blood  may  be  meliorated  and  fitted  to  anfwer 
the  purpofes  of  nutrition  and  of  fecretion.  It 
is  therefore  from  the  branchiae  the  motion  of 
the  blood  begins  ;  it  is  in  the  branchiae  that  it 
terminates.  The  branchial  arteries  divide 
upon  the  branchiae  into .  an  infinite  multitude 
of  fibrillae,  giving  the  gills  the  feathery  appear- 
ance they  difplay.  Such-is  the  indefinite  fub- 
divifion  of  the  termination  of  the  branchial 
artery,  that  the  power  of  the  ventricle  of  the 
heart  upon  its  contents  muft  be  trifling  and 
weak.  Such  however  is  the  aptitude  to  be 
moved  which  the  blood  contains  in  confe- 
quence  of  the  action  of  the  branchiae,  that  the 
branchial  veins  alone  have  the  power  to  propel 
it  to  the  different  parts  of  the  fyftem ;  the 
motion  of  the  blood  in  fifth.,  as  it  proceeds  from 
the  lungs,  muft  consequently  be  very  flow. 

•The  degree  of  its  motion,  like  the  medal- 
la  of  plants,  correfponds  to  the  wants  of  the 
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fyftem,  and  to  the  little  watte  it  fuftains.  Such 
is  the  degree  of  deterioration  which  the  blood 
undergoes  in  its  progrefs  through  the  fyftem, 
that  the  organization  progreffively  increafes  in 
ftrength.  The  branchial  veins  at  their  origin 
are  extremely  pellucid  and  thin  ;  but  in  pro- 
portion as  they  congregate  and  form  an  aorta, 
the  organization  becomes  more  turgid  and 
ftrong.  The  returning  blood  therefore  requires 
the  power  of  an  heart,  that  it  may  be  propelled 
into  the  lungs,  and  again  receive  the  vitality 
which  it  had  loft,  by  the  fecretion  of  its  pureft 
part  from  the  exhalant  termination  of  the  dif- 
ferent arteries.  The  motion  of  the  blood  there- 
fore in  fifh  differs  from  the  motion  of  the  me- 
dulla of  vegetables  in  this :  the  motion  of  the 
medulla  afcends  only,  without  defcending  ;  the 
motion  of  the  blood  in  fifti  both  afcends  and 
defcends :  inftead  of  moving  progreffively  as 
the  fap,  without  the  intervention  of  a  particular 
power  (aheart),  it  is  returned  by  the  power  of 
the  heart  to  the  gills  (or  lungs),  when  the  fame 
procefs  again  begins. 

As  we  proceed  from  fifti  that  have  gills,  to 
the  amphibia  that  have  lungs,  we  find  the 
power  by  which  the  blood  is  conveyed  pro- 
2  greffively 
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greffively  to  increafe.  It  is  received  from  the 
lungs  by  the  pulmonary  veins,  as  it  is  in  fifli 
by  the  branchial ;  but  inftead  of  being  imme- 
diately diftributed  by  means  of  an  aorta  to  the 
different  parts  of  the  body,  the  pulmonary 
veins  ultimately  unite,  and  enter  the  left  au- 
ricle of  the  heart,  which  in  them  is  very  large, 
and  terminate  in  the  ventricle,  which  is  com- 
paratively fmall.  It  is  from  this  ventricle  that 
the  aorta  proceeds,  and  diftributes  the  blood  by 
different  trunks  to  different  organs,  and  to  dif- 
ferent parts.  The  refiduary  part  of  the  blood  is 
returned  to  the  right  auricle  of  the  heart  *. 

The 

*  The  vafcular  organization  of  the  amphibia  feems  to 
correfpond  in  a  great  degree  to  the  vafcular  organization 
of  the  fcetal  ftate.  In  the  higher  order  of  animals,  the 
blood  which  the  umbilical  veins  receive  from  the  placenta, 
after  having  been  diftributed  to  the  different  parts  of  the 
body,  returns  into  the  right  auricle  of  the  heart.  Part  of 
the  blood  which  the  right  auricle  receives  goes  into  the  left 
auricle,  through  the  medium  of  the  foramen  ovale  ;  the 
remainder  pafles  into  the  right  ventricle.  This  ventricle 
propels  the  largeft  portion  of  it  through  the  du£lus 
arteriofus  to  the  aorta,  and  the  pulmonary  artery  only 
receives  a  quantity  fufRcient  to  preferve  it  in  a  patent 
ftate  ;  and  as  the  lungs  are  perfeclly  paflive,  they  confe- 
quently  exert  no  influence  upon  it. 
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The  brood  which  the  right  auricle  receives 
paries  into  the  ventricle.  For,  in  amphibia,  the 
two  ventricles  may  be  confidered  as  forming 
only  one  cavity,  from  which  both  the  aorta 
and  pulmonary  arteries  arife  ;  whilft  the  blood 
which  is  returned  from  the  lungs  mixes  with 
that  in  the  ventricle  which  is  returned  by  the 
cava ;  fo  that  there  is  half  arterial  and  half  venal 
blood,  and  not  more  than  one  third  part  of  the 
whole  is  found  neceflary  to  move  through  the 
lungs  to  be  renovated  *. 

It  is  this  fanguifying  organ  which  conftitutes 
the  medium  between  the  beginning  and  the 
end  of  the  circulation.  It  is  in  the  origin 
of  the  pulmonary  vein  where  the  blood  is 
perfected  and  prepared,  and  fitted  to  anfwer 
the  purpofe  of  nourifhment  and  fupporr,  that 

The  placenta  therefore  conftitutes  the  fanguifying  or- 
gan of  the  foetus,  as  the  lungs  do  of  the  amphibia. 
Such  is  the  fufHciency  of  the  placenta,  and  the  compara- 
tive fmallnefs  of  deterioration  which  the  foetal  blood 
fuftains,  that,  like  the  blood  of  the  amphibia,  that  which 
the  pulmonary  artery  conveys  is  not  much  blacker  than 
the  blood  the  pulmonary  veins  receive. 

*  Amphibia  have  a  power  of  occafionally  feparating  ar- 
terial from  venal  blood,  by  a  feptum  in  the  right  ven- 
tricle. 

the 
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the  pun&um  faliens  of  the  blood  exifts.  It  is 
in  the  extremity  of  the  pulmonary  artery 
where  it  parts  with  its  azotic  and  carbonaceous 
properties,  after  it  has  gone  through  the  courfe 
of  the  fyftem  which  conftitutes  the  punctum 
ultimum  of  the  whole. 

Seeing  then  that  there  is  an  organ  by  which 
blood  is  perfected,  and  a  point  where  that  ftate 
of  perfection  is  obtained,  and  from  whence 
the  blood  proceeds,  the  term  circulation  ap- 
pears to  me  a  difputable  one.  The  conftruction 
of  the  vafcular  fyftem  indeed  neither  bears  an 
analogy  to  a  circle,  nor  the  motion  of  the  blood 
to  a  circulation.  A  circle  is  a  figure  bounded 
by  a  circumference,  and  all  the  parts  of  that 
circumference  are  equally  diftant  from  the 
centre,  and  in  that  circumference  there  is  ei- 
ther beginning,  middle,  or  end.  It  is,  in  fact,  a 
whole  without  parts  5  becaufe,  the  inftant  the 
circumference  is  divided,  the  circle  Is  deftroyed, 
and  the  figure  no  longer  conftitute3a  circle.  The 
vafcular  fyftem  is  conftructed  in  a  manner  total- 
ly different.  The  parts  of  the  pulmonary  veins 
which  receive  the  blood  in  its  pureft  ftate, 
have  a  beginning  ;  the  parts  of  the  pulmonary 
arteries  that  return  the  worft  blood  have  an 

Gg  2  end. 
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end.  The  blood  therefore  originates  from  a 
beft  part — proceeds  and  terminates  in  a  worfe. 
If  it  bore  any  analogy  to  a  circle,  there  would 
be  no  fuch  difference,  but  all  the  parts  would 
be  equal  and  alike. 

Neither  does  the  blood  which  the  vafcular 
fyftem  conveys  bear  any  analogy  to  a  circula- 
tion. A  circulation,  properly  defined,  is  that 
which  perpetually  returns  into  itfelf.  This  is 
not  the  cafe  with  the  medulla  of  vegetables :  the 
whole  moves,  and  no  part  returns.  It  is  not  the 
cafe  with  the  amphibia  :  the  whole  moves  and 
paffes  through  the  heart,  and  part  only  panes 
through  the  lungs :  and  in  the  higher  order  of 
animals,  the  whole  moves,  and  part  only  circu- 
lates. If  the  whole  of  the  blood  circulated, 
that  is,  returned  back  into  itfelf,  the  very  end 
would  be  defeated  for  which  blood  was  efpe- 
cially  defigned.  If  the  blood  circulated  and 
returned  into  itfelf,  how  could  it  afford  nou- 
rifhment  to  parts,  and  fupply  the  different 
glands  of  the  fyftem  ?  To  prevent  the  blood 
from  circulating  and  returning  into  itfelf,  it 
appears  that  the  vtffels  by  which  it  is  conveyed 
are  particularly  and  exprefsly  conftru&ed  ;  it 
is  conveyed  to  the  different  parts  of  the  body 

through 
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through  the  medium  of  arteries.  Thefe  arteries 
have  two  modes  of  termination  ;  one  into  an 
exhalant  outlet,  another  into  a  returning  vein. 
The  portion  of  the  blood  which  is  effufed  from 
the  exhalant  outlet,  is  the  portion  for  which 
the  motion  of  the  blood  is  exprefsly  intended  ; 
it  is  the  part  which  is  intended  to  fupply  the 
wafte  which  the  machine  fuftains,  or  to  be 
fubfervient  to  the  particular  action  of  glands. 
The  portion  of  the  blood  which  is  brought 
back  by  the  returning  vein,  and  which  actu- 
ally does  circulate,  anfwers  no  one  purpofe 
in  the  fyftem  which  blood  is  intended  to  do  ; 
it  conftitutes  the  refiduary  matter  only,  the  re- 
fufe  of  the  whole  ;  the  globules  too  grofs  and 
too  coagulated  to  be  exhaled  through/  the  ca- 
pillary extremity  of  the  arteries,  too  azotic  to 
afford  nourifhment  to  dying,  too  impure  to  be 
acted  upon  by  living  parts. 

The  queftion  therefore  arifes,  whether  we 
are  to  give  the  motion  which  the  blood  fuf- 
tains,  the  appellation  of  circulation,  or  not. 
If  we  give  the  name  of  a  thing  from  the  very 
effence  of  it,  and  from  the  portion  of  it  which 
is  ufeful,  and  which  does  not  circulate,  we  muft 
abandon  the  term  circulation.  On  the  contra- 
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ry,  if  we  take  the  part  of  the  blood  which  is  the 
worfe,  and  which  is  ufelefs,  we  may  continue 
the  term  circulation.  Although  this  is  evident- 
ly inadequate  and  inapplicable,  we  may  continue 
the  old  abfurd  cuftom  of  beginning  to  defcribe 
the  circulation  of  the  blood  in  the  middle  of  its 
courfe, — that  is,  from  the  heart,— and  end  in 
the  middle  of  its  courfe, — that  is,  in  the  heart*. 

Of  the  relative  Degree  of  Velocity  with  which  the 
Blood  is  moved  in  different  A?iimated  Syficms. 

If  we  examine  the  nature  of  different  ani- 
mated beings,  and  the  different  ftates  and  con- 
ditions in  which  the  blood  is  found  to  fubfift 
in  them,  we  mall  be  led  to  conclude,  that  the 
degree  of  its  motion  entirely  depends  on  the 
wants  of  that  fyftem  of  which  the  blood 

*  It  has  indeed  ever  been  painful  to  me,  to  hear  anato- 
mifts  and  phyfiologifts  defcribe  the  circulation.  They  fay 
it  is  of  no  confequence  at  what  point  they  begin,  whether 
at  the  right  fide  of  the  heart,  or  on  the  left  j  whether  at 
the  pulmonary  artery,  or  the  pulmonary  vein  ;  that  is,  at 
the  end  or  at  the  beginning  of  v  its  courfe.  Such  vague 
and  indefinite  notions  of  the  moving  power  by  which  the 
blood  is  conveyed,  give  us  no  idea  of  the  ufe  for  which 
it  is  defigncd,  or  of  the  organs  by  which  it  is  perfected  and 
produced. 

forms 
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forms  a  part ;  and  that  this  want  proceeds  from 
the  degree  a.:d  variety  of  action,  each  parti- 
cular fyftem  is  deftined  to  perform. 

During  the  period  in  which  the  vegetable 
fyft<  rri  is  in  a  torpid  ftate,  the  medulla,  inftead 
of  moving,  is  perfectly  ftagnant  ;  on  the  con- 
trary, when  the  evolution  of  the  different  parts 
takes  place,  and  more  efpecially  when  they 
are  actively  employed  in  fulfilling  the  final 
cauie  of  their  exigence,  in  the  production  of 
fructification,  we  find  that  the  fap,  or  medulla, 
progreflively  afcends  from  the  roots,  an4  that 
the  degree  of  its  motion  is  confiderably  acce- 
lerated. 

We  are  able  to  behold  the  fame  variety  in  a 
more  eminent  degree  in  fifth,  and  in  the  greateft 
number  of  the  amphibious  clafs.  In  the  winter, 
during  their  torpid  ftate,  the  blood  is  either 
ftagnant  altogether,  or, moves  with  fuch  ex- 
treme flownefs,  that  the  action  of  the  heart  can 
fcarcely  be  detected  ;  on  the  contrary,  in  rum- 
mer, when  the  animal  is  attaining  the  final 
caufe  of  its  exigence,  and  is  difplaying  the  va- 
rious actions  which  it  is  capable  of  perform- 
ing, we  find  the  motion  of  the  blood  progref- 
fively  accelerated. 
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And  finally,  as  we  afcend  to  the  higher 
order  of  animated  beings,  to  quadrupeds,  and 
efpecially  to  the  human  fpecies,  we  find  that 
the  extent  of  brain  and  nervous  fyftem  they 
porTefs,-  and  the  different  actions  evidently 
arifing  from  them,  are  fuch  as  demand  a 
regular  and  conftant  fupply  of  blood  ;  fo 
that  the  actions  of  the  different  organs  be- 
come fufpended,  or  irretrievably  abolifhed, 
if  they  are  deprived  of  it  for  a  very  fhort 
time  alone.  We  frequently  behold  the  delete- 
rious effects  that  are  produced  in  the  fyf- 
tem, by  the  fubtradtion  of  a  proper  fupply  of 
blood,  in  confequence  of  haemorrhage,  in  pro- 
ducing fyncope,  and  the  fufpenfion  of  anima- 
tion itfelf.  It  is  impoffible  for  me  to  fay  how  „ 
Jong  the  different  organs  of  the  human  frame 
may  be  deprived  of  a  proper  fupply  of  blood, 
and  dill  preferve  their  predifpofirion  to  action. 
We  are  however  certain,  that  not  only  action, 
but  the  predifpofition  itfelf  to  it,  are  entirely 
abolifhed,  if  the  motion  of  the  blood  be  long 
fufpended  ; — fufpended  a  much  fhorter  time 
in  the  human  fpecies  than  in  quadrupeds,  in 
quadrupeds  than  in  the  amphibia,  and  in  thefe 
than  in  vegetables. 

4  I  car^ 
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I  cannot  ftate  precifely,  how  faft  the  fap  of 
vegetables  moves ;  and  however  true  it  may  be, 
that  in  vines  it  moves  at  times  with  confider- 
able  velocity,  we  muft  conclude,  that  in  general 
the  motion  of  the  fap  is  very  flow ;  in  fiin,  the 
heart  contracts  about  thirty  times  in  one  minute; 
in  the  amphibia,  between  thirty  and  forty  ;  in 
quadrupeds,  between  forty  and  fifty;  and  in 
the  human  fpecies,  between  fixty  and  eighty*. 

That  the  motion  of  the  blood  is  wholly  de- 
pendent on  the  wants  of  the  fyftem,  in  coafe- 
quence  of  the  action  it  performs,  will  be  evident 
by -comparing  and  contrafting  the  action  of  the 
heart,  during  the  ftate  of  lleep,  with  that  of 
watchfulnefs, — of  languor  and  torpor,  with 
that  of  ratiocination  and  action.  In  the  former 
cafe  we  find  the  motion  of  the  blood  much 
flower  than  in  the  latter,  more  efpecially  if  it 
be  accompanied  by  mufcular  exertion  in  the 
production  of  voluntary  actions.   It  is  thus  we 

*  Although  fuch  are  the  degrees  of  contraction  in  thefe 
different  fyftems  in  general,  no  doubt  can  exift  but  that 
there  are  various  exceptions  alfo.  It  is  however  com- 
monly found  that  in  fmall  animals  the  blood  moves  quick- 
er than  |n  large  :  thus  it  is  that  in  a  dog  it  often  beats  $0 
and  upwards,  whilft  the  pulfe  in  a  horfe  is  from  3^  to  4$ 
\n  a  minute. 

find 
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find  that  the  action  of  the  heart  becomes  con- 
fiderably  increafed,  the  motion  of  the  blood 
accelerated,  in  confequence  of  the  wafte  which 
the  different  parts  of  the  fyftem  fuftain.  Whilft 
the  motion  of  the  blood  in  the  robuft  of  body 
and  calm  in  mind  is  flow ;  on  the  contrary, 
We  find  in  the  weak  and  irritable  It  is  generally 
very  quick.  Let  Us  only  refiecT:  on  the  palpi- 
tation of  a  nervous  lady,  and  the  immenfe  ve- 
locity with  which  the  blood  is  moved. 

This  principle  is  further  proved,  by  examin- 
ing the  motion  of  the  blood  in  the  various 
acute  difeafes  with  which  the  human  frame  is 
fo  frequently  attacked,  where  the  wafte  of  the 
fyftem  is  very  confiderable,  as  is  proved  by  the 
emaciation  which  takes  place,  in  fevers,  in- 
flammations, &c.  &c.  It  is  thus  we  behold 
the  pulfe  accelerated  to  an  enormous  degree, 
increafing  from  60  or  70,  to  120  or  150  ;  and 
we  frequently  feel  it  beat  fo  quickly,  that  we 
cannot  difcriminate  the  interval  between  each 
ftroke.  Thefe  are  cafes  that  indicate  extreme 
weaknefs,  that  prove  the  irritability  of  the  fyf- 
tem when  deftitute  of  power,  the  inability  of 
the  vafcular  fyftem  by  which  it  is  to  be  con- 
veyed to  the  lungs,  where  it  is  to  be  purified 
and  renewed. 

CHAP. 
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OF  THE  DIFFERENT  DEGREES  OF  POWER  IN  THE 
RESPIRATORY  ORGANS  OF  DIFFERENT  ANI- 
MATED SYSTEMS. 

Stronger  in  man  and  quadrupeds  than  in  the  amphibia  or  f/h— 
the  colour  of  the  blood  in  theft  different  fyflems — and  in  dif- 
ferent fyfems  of  veffelsy  &c.  £5V. 

If  we  take  a  general  review  of  the  lungs  or 
fanguifying  organs  of  different  fyftems,  wc 
(hall  find  that  there  is  a  progreffive  decreafe  in 
their  extent  and  power  as  we  proceed  from 
the  higher  to  the  lower  clafs ;  and  that  this 
variety  feems  principally  to  be  regulated  by 
the  complication  and  fimplicity  of  their  frame, 
and  the  final  caufe  which  they  are  feverally 
defigned  to  fulfil.  Man  and  quadrupeds  have 
large  lungs  with  fmall  cells  :  the  area  of  their 
furface  becomes  confequently  increafed,  and  a 
large  quantity  of  air  is  acted  upon  and  fepa- 
rated  in  a  fhort  time.    Animals  of  this  clafs 

therefore 
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therefore  breathe  often,  generally  four  times 
in  one  minute.  As  we  proceed  from  this  or- 
der to  the  next,  as  the  turtle,  frog,  and  newt, 
&c.  we  find  their  lungs  particularly  charade- 
rifed  by  the  largenefs  of  their  cells  ;  fo  that  the 
area  of  their  furface  becomes  confequently  dimi- 
nifhed.  Lefs  air  therefore  can  be  immediate- 
ly applied  to  the  furface  of  the  bronchia ; — 
a  lefs  quantity  is  confequently  digefted  and  ab- 
forbed, — more  therefore  remains.  Such  is 
the  living  and  prefervative  power  of  the  am- 
phibious clafs  that,  notwithstanding  the  extent 
of  the  pulmonary  furface  is  fmall,  they  receive 
as  much  air  during  one  infpiration  as  is  fuffi- 
cient  to  fupply  the  want  which  the  blood  de- 
mands for  a  confiderable  time.  Hence  it  is 
that  they  are  capable  of  remaining  long  under 
the  furface  of  the  water. 

As  we  proceed  from  animals  having  large 
lungs  with  fmall  cells,  to  thofe' that  have  fmall 
lungs  with  large  cells,  we  arrive  at  the  true 
amphibious  clafs, — to  thofe  that  have  lungs 
and  gills,  as  the  fyren.  When  the  nervous 
energy  of  this  animal  is  exerted  and  difplayed 
in  the  medium  of  air,  the  increafed  wafte 
which  the  blood  confequently  undergoes,  pro- 
duces 
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duces  the  neceffity  that  the  lungs  fhould  act, 
and  feparate  pure  air  from  the  atmofphere,  by- 
means  of  which  the  blood  receives  a  propor- 
tionate amendment  correfpondent  to  the  wafte. 
On  the  contrary,  when  it  lives  merely  in  wai- 
ter, its  nervous  energy  is  greatly  diminimed> 
exifting  in  a  comparatively  torpid  ftate.  The 
gills  are  for  the  mod  part  fufficient  to  feparate 
as  much  air  from  the  water  as  is  necefTary  for 
the  melioration  of  the  blood. 

The  refpiratory  organs  progreffively  de- 
creafe  in  power  as  we  defcend  in  the  great  fcale 
of  animated  exiftence.  As  we  proceed  from 
the  true  amphibia  that  have  lungs  and  gills,  to 
fifti  that  have  (branchiae)  gills  alone,  if  the  ex- 
tent of  their  furface  be  examined  with  relation 
to  the  element  in  which  they  refide,  we  {hall 
be  led  to  conclude,  that  the  quantity  of  air 
which  is  abforbed  is  comparatively  very  fmall ; 
fo  that  the  blood  in  its  circuit  through  them 
has  not  derived,  becaufe  its  does  not  require  it, 
the  fame  degree  of  melioration  as  the  other  *. 

Finally, 

*  It  muft  not  however  be  fuppofed,  that  amphibious 
animals  are  able  to  live  altogether  in  water ;  they  are 
obliged  to  rife  frequently  on  the  furface  for  the  parpofe 

of 
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Finally,  if  we  proceed  to  the  loweft  or- 
ders of  infects,  and  of  the  whole  vegetable 
kingdom,  where  the  blood  for  the  moft  part 
moves  without  circulating,  we  mall  at  once 
be  aftonilhed  to  behold  the  wonderful  prefer- 
vative  properties  they  poffefs.  Each  part  is 
not  dependent  for  its  fubfiftence  on  parti- 
cular organs,  as  in  the  higher  fpecies  I  have 
defcribed ;  but  every  part  poffefTes  organs  of 

of  refpiration.  They  may  be  fuffbeated  and  drowned 
in  common  with  the  moft  perfect  quadruped  5  there 
will  be  a  difference  in  time,  but  the  end  will  certainly  be 
the  fame.  Fifti  in  general  are  indigent  of  the  fame  ele- 
ment, although  in  an  inferior  degree:  fifti  maybe  drown- 
ed as  perfectly  as  either  the  amphibia  or  quadrupeds. 
Carp  and  tench  frequently  fall  victims  to  the  want  of  air, 
when  the  feverity  of  the  winter's  froft  has  covered  with  ice 
the  furface  of  the  pond  in  which  they  refide,  and  exclud- 
ed from  it  the  regular  fupply  of  air.  The  fact  has  been 
proved  by  various  experiments  alfo.  When  fifti  have 
been  placed  either  in  diftilled  water,  or  in  water  the  air 
of  which  had  been  exhaufted  by  the  power  of  the  air 
pump  ;  in  every  cafe  the  fifh  languHhed  and  died. 

Thefe  facts  prove  in  a  very  decided  manner,  that  bran- 
chiae act  upon  the  air  (uncombined  with  the  water)  which 
the  waf:er  contains  ;  and  that  they  do  not  feparate  and  de- 
compofe  the  water  itfelf  into  the  conftituent  parts  of  air — 
oxygene  and  hydrogene— by  the  union  of  >yhich  it  is  fup- 
pofed  t;o  be  conftituted. 

6  its 
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its  own  by  means  of  which  it  can  nourifh  and 
funport  itfelf.  Thus  it  is  that  different  in- 
fers have  air  veffels  that  continually  abforb 
air,  not  partially,  but  generally ;  not  by  the 
medium  of  one  organ  alone,  but  from  every 
point.  In  fome  thefe  air  veffels  arife  from 
within,  and  digeft  the  air  they  receive  through 
the  medium  of  the  mouth ;  in  others,  thefe 
air  veffels  arife  from  the  whole  external  fur- 
face,  and  perform  the  fame  office.  It  is  more 
efpecially  the  cafe  with  vegetables.  Such  are  the 
prefervative  properties  that  each  part  in  thefe 
pofTeffes,  that  it  may  be  cut  and  feparated  from 
the  fyftem  to  which  it  belonged,  and  ftill  pre- 
ferve  for  a  confiderable  time  the  power  of  life 
and  of  action. 

Of  the  Colour  of  the  Blood  which  different 
Syflems  contain. 

Although  the  medulla  of  vegetables  and  the 
blood  of  the  lower  order  of  animals  move  in  a 
very  flow  and  imperceptible  manner  with  re- 
lation to  the  blood  in  beings  of  an  higher  clafs, 
wenotwithftandingfind,that  it  is  mofteminent- 
ly  fitted  to  anfwer  the  ufe  to  which  it  is  fubfer- 
vient,  in  a  degree  far  fuperior  to  thofe  higher 

fyftem  s 
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iyftems  in  which  it  moves  more  rapidly,  and 
where  we  find  a  great  and  ftriking  difference 
in  the  colour  and  temperature  it  affuraes  in 
different  veffels.  The  medulla  of  vegetables 
and  the  blood  of  infects  for  the  moft  part  are 
white,  bordering  on  a  yellow  caff.  The 
blood  of  fifh  contains  a  very  large  proportion 
of  craffimentum,  and  a  fmaller  one  of  ferum 
than  infects.  The  blood  of  the  amphibia  is 
more  florid  than  that  of  nfli  and  of  infects,  and 
the  quantity  of  ferum  is  lefs.  It  not  only  is 
more  florid,  but  there  is  fome  variety  in  its 
colour  as  it  exifts  in  different  fyftems  of  vef- 
fels. It  is  more  florid  as  it  proceeds  from  the 
lungs,  than  it  is  as  it  returns  to  them.  As  it  re- 
turns to  them,  it  is  of  a  more  purplifh  die  :  the 
difference  is  not  very  ftriking,  but  it  may  be 
eafily  difcovered":'\ 

If,  however,  we  examine  the  difference  of 
colour  in  the  blood  of  quadrupeds  in  general, 
and  of  the  human  fpecies  in  particular,  it  is  not 

*  When  the  amphibia  are  either  in  a  languid  or  in  a 
torpid  ffate,  the  colour  of  the  blood  progreffively  mcreafes, 
and  frequently  becomes  almoft  black,  and  nearly  coagu- 
lated. We  are  however  to  take  this  as  a  condition  of  dif- 
eafe,  not  an  healthy  condition. 
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of  a  deeper  red  in  the  aggregate  than  the  blood 
of  the  amphibia,  of  fifh,  of  infects,  or  the  me- 
dulla of  vegetables  :  but  there  is  a  total  differ- 
ence alfo  in  the  colour  it  aflumes  as  it  proceeds 
from  the  lungs  through  the  medium  of  the 
pulmonary  veins  to  the  left  fide  of  the  heart, 
from  what  it  is  found  to  be  as  it  returns  back 
to  the  lungs  through  the  medium  of  the  right 
fide  of  the  heart  and  pulmonary  artery. 

As  the  blood  proceeds  from  the  lungs,  we 
have  feen  it  to  be  florid  and  fluid  :  fuch  how- 
ever is  the  immenfe  wafte  which  it  fuftains 
of  the  pureft  parts  of  the  whole  from  the  exha- 
lant  outlets  of  the  arteries,  in  the  fupply  it  af- 
fords to  the  different  fecretory  organs,  that  the 
veins  return  only  the  refufe  of  the  whole 
mafs,  which  abounds  with  craffamentum,  and 
which  is  deprived  of  a  large  proportion  of 
ferum,  that  is  black  inftead  of  being  florid, 
that  is  perpetually  difpofed  to  coagulate  in- 
ftead of  preferving  its  fluidity.  Thefe  morbid 
changes  which  the  blood  undergoes  in  its  cir- 
cuit through  the  fyftem,  progreffively  increafe 
in  degree  in  proportion  as  it  proceeds  fartheft 
from  the  lungs,  as  the  organ  by  which  it  was 
meliorated.    Hence  it  is,  that  the  blood  exifts 
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in  its  higheft  ftate  of  perfection,  as  it  imme- 
diately departs  from  the  lungs,  and  in  its  word 
ftate  as  it  is  returned  to  them  ;  more  perfect  in 
the  large  arteries  before  the  wafte  is  produced, 
than  in  the  fmaller  ones  upon  the  furface  ;  more 
in  its  return  by  the  fmall  veins  than  in  the 
larger ;  more  perfect  in  the  vena  faphena  than 
in  the  cava  ;  and  finally,  lefs  imperfect  in  the 
cava  than  in  the  pulmonary  artery.  When  the 
blood  arrives  in  the  pulmonary  artery,  it  is  of 
a  black  and  of  a  purplifh  colour,  having  a 
conftant  tendency  to  coagulate,  and  abounding 
with  gazeous  and  azotic  matter,  in  its  nature 
deleterious  and  deftructive  to  the  fyftem  in 
which  it  is  generated  and  contained. 

It  has  been  generally  fuppofed,  that  the  ex- 
trication of  fixed  air  is  the  caufe  of  the  black 
colour  which  the  blood  ultimately  aflumes. 
That  this  however  is  riot  the  cafe,  is  proved 
from  hence,  that  when  florid  blood  is  expofed 
to  a  volume  of  fixed  air  in  a  clofe  veffel,  it 
does  not  become  black.  Dr.  Goodwin  intro- 
duced four  ounces  of  florid  blood,  frefh  drawnr 
into  a  glafs  receiver  containing  fixed  air,  and 
confined  it  there  for  a  considerable  time  ;  but 
it  neither  became  black,  nor  underwent  any 
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fenfible  change.  He  then  received  fome  flo- 
rid biood  from  the  carotid  artery  of  a  fheep 
into  a  phial  filled  with  fixed  air,  but  ftill  the 
florid  colour  was  not  altered.  The  change  of 
colour,  therefore,  which  the  blood  aflumes  does 
not  arife  from  the  retention  or  even  extrication 
of  fixed  air.  It  is  proved  in  the  mo  ft  decided 
manner  by  the  white  colour  which  the  blood 
perpetually  aflumes  in  the  lower  order  of  ani- 
mals, efpecially  of  infects,  that  are  continually 
immerfed  in  entire  volumes  of  fixed  air  and 
of  nitrogene,  and  who  feed  principally  upon 
them ;  and  yet  their  blood,  inftead  of  being 
black,  is  white  altogether.  It  is  efpecially  the 
cafe  with  the  medulla  of  vegetables,  that  is 
principally  elaborated  and  formed  out  of  the 
fame  fubftances. 

Mr.  Bell  naturally  obferves,  that  he  does 
not,  and  that  he  cannot  account  for  the  ac- 
tion of  thefe  airs  in  producing  whitenefs  in 
the  blood  of  thefe  animals,  whilfl:  the  blood  of 
the  human  fpecies  becomes  black  in  proportion 
as  it  becomes  carbonated!  He  therefore  con- 
feflTes,  that  thefe  fads  confound  his  knowledge. 
He  might  have  added,  that  fuch  confounded 
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knowledge  becomes  knowledge  confounded 
by  the  very  facts  which  he  has  adduced. 

So  far  from  the  fact  being  true,  that  our 
blood  becomes  black  by  becoming  carbonated, 
it  appears,  that  it  is  by  the  extrication  and  lofs 
of  carbonic  air,  not  by  the  retention  of  it,  that 
the  blacknefs  is  produced.    It  proceeds  from 
the  carbonic  air  becoming  decompofed,  and 
patting  from  a  latent  to  a  fenfible  ftate ;  from  a 
ftate  of  unionwith  the  other  conftituent  parts  of 
the  blood,  to  a  ftate  of  decompofition  and  fepa- 
ration  from  them,  to  the  total  expulfion  from 
the  fyftem  itfelf,  which  conftitutes  the  caufe 
for  the  black  colour  which  the  blood  aftumes. 
It  is  very  true,  that  the  union  of  oxygene 
will  make  black   blood   become   red :  but 
it  does  not  appear  that  it  depends  on  car-, 
bonic  air  that  red  blood  is  made  to  become 
black.    On  the  contrary,  it  feems  principally 
to  arife  from  the  ftate  of  deterioration  which  it 
undergoes,  and  which,  we  have  already  ftated, 
proceeds  from  the  injury  it  fuftains  by  the 
operations  of  the  fyftem  to  which  it  is  fub- 
fervient.     That  blood  is  fpontaneoufly  dif- 
pofed  to  undergo  this  morbid  alteration,  is 
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proved  by  facts  innumerable,  when  merely  de- 
prived of  the  melioration  alfo  which  it  de- 
mands.   If  it  be  placed  under  the  exhauft- 
ed  receiver  of  an  air-pump,  it  very  rapidly 
changes  from  a  red  to  a  black  colour.    Jf  its 
return  to  the  lungs  be  delayed  by  the  dilata- 
tion and  weaknefs  of  varicofe  veins  ;  if  it  be 
extra vafated  in  an  aneurifmal  fac,  or  in  the  cel- 
lular membrane,  we  find  it  undergoes  the  fame 
alteration.    It  is  from  the  fame  caufe  that  the 
purplim  colour  in  the  face  is  produced  by  a 
violent  coughing,  as  in  the  hooping-cough,  by 
long  continued  expirations,  whether  it  be  in 
the  act  of  meeting,  crying,  or  produced  by  vio- 
lence, as  from  ftrangulation  itfelf. 

That  mere  refidence  will  change  blood  from 
a  red  to  a  black  colour,  is  proved  from  a  va- 
riety of  fads.  Mr,  Hunter  tied  the  carotid 
artery  of  a  dog,  and  fome  time  after  punctured 
it ;  the  blood  that  flowed  was  perfectly  black. 
And  in  the  ordinary  cafes  of  phlebotomy,  when 
the  arm  has  been  tied  for  fome  time,  the  rirfr, 
blood  that  flows  is  generally  blacker  than  that 
portion  which  has  been  more  recently  purified 
by  the  lungs. 

This  natural  tendency  of  the  blood  to  de- 
li h  3  compofition 
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compofition  and  decay,  may  be  accelerated  by 
various  means,  more  efpecially  by  the  operas 
tion  of  various  animal  and  vegetable  poifons. 

I/Abbe  Fontana  amufed  himfelf  with  the 
occupation  of  poifoning  different  fpecies  of 
animals  with  different  kinds  of  poifon.  In 
every  cafe  he  found,  that  the  blood  changed 
from  a  red  to  a  black  colour ;  and  that  its 
power  of  prefervation  which  the  animal  pof-? 
feffed  was  immediately  loft,  fo  that  it  very 
fpeedily  underwent  the  procefsof  putrefaction 
and  decompofition.  "  I  let  fall,"  fays  he, 
M  in  a  conical  glafs  three  drops  of  the  venom 
of  the  viper,  and  twenty  drops  of  blood  that 
iffued  from  the  neck  of  a  fowl  into  which  I 
had  made  an  inclfion,  I  reclined  the  glafs, 
ihook  it  circularly  for  ten  feconds,  that  the  ve- 
nom and  the  blood  might  mix  together.  At  the 
fame  time,  f  let  fall  into  a  fimilar  glafs  twenty 
drops  of  blood  of  the  fame  fowl,  in  the  lame 
ftate  as  the  laft,  and  fhook  the  glafs  in  the 
fame  way  as  the  laft.  At  the  expiration  of 
two  minutes'  the  blood  unmixed  with  the  ve- 
nom coagulated,  and  was  of  a  fine  vermilion 
colour.  On  the  contrary,  the  blood  united 
with  the  venom  was  black  and  fluid."  The 
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fame  experiment  was  tried  with  the  blood  of  a 
guinea  pig,  with  the  fame  refult.  The  venomed 
blood  did  not  harden,  but  dried  by  degrees, 
fplit  into  fcales,  and  preferved  its  black- 
nefs  :  the  other  continued  red.  The  fame  ef- 
fects take  place  by  the  introduction  of  vege- 
table poifons,  as  the  napel,  and  more  efpecially 
of  the  ticunas ;  the  poifon  which  the  American 
Indians  employ  to  arm  their  arrows.  Fontana 
put  four  drops  of  an  aqueous  folution,  which 
could  fcarcely  contain  half  a  grain  of  the  dried 
poifon,  and  introduced  it  by  means  of  a  fyringe 
into  the  jugular  vein  of  a  large  rabbit  ;  and 
although  a  very  fmall  portion  of  the  liquor 
was  received  by  the  animal,  it  died  inftanta- 
neoufly.  Another  rabbit  was  killed  by  half  a 
drop  of  this  poifon.  The  blood  in  the  velfels 
was  much  darker,  and  the  lungs  full  of  fphace- 
lated  fpots*. 

f  He  applied  the  ticunas  to  different  tendons,  and  to 
the  nerve  itfelf  j  but  it  did  not  appear  to  have  the 
fame  morbid  effect  upon  them  as  upon  the  blood. 
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CHAP.  XVIII, 

OP  ANIMAL  HEAT. 

Produced  and  increafed  by  the  aEtions  of  the  [yftem— black, 
blood  therefore  is  hotter  than  florid,  in  the  pulmonary  artery 
than  in  the  pulmonary  veins — proved  by  experiment — that 
animal  heat  is  caufed  by  animal  atlion  is  further  proved  from 
the  evolution  of  fenftble  heat  at  different  periods  of  life,  in 
different  difeafes,  and  in  different  orders  of  animated  be- 
ings— their  temperature  examined  and  compared*  &c.  life. 

It  is  rjot  by  thefe  morbid  changes  alone  of 
blacknefs  and  of  fclidity  which  the  blood  af- 
fumes,  as  it  returns  to  the  lungs,  that  it  is  chaT 
racterifed  and  diftinguifhed  from  the  pure 
ftate  of  the  blood  at  its  fource,  as  it  proceeds 
from  the  lungs.  It  is  efpecially  diftinguiihed 
by  the  high  and  increafed  degree  of  tempera- 
ture which  it  progrefiively  obtains. 

It  appears  from  experiments,  which  I  mail 
prefently  relate,  that  in  proportion  as  the 
blood  changes  from  a  pure  and  a  healthy  ftate, 
to  an  impure  and  a  difeafed  one  ;  in  proportion 
as  the  florid  colour  of  the  blood  decreafes,  and 

the 
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the  black  colour  increafes,  that  there  is  a  pro- 
greflive  increafe  of  fenfible  heat,  lb  that  the 
blood  in  the  right  fide  of  the  heart  is  much  hot- 
ter than  the  blood  on  the  left. 

That  this  is  a  fact,  has  been  proved  by 
various  experiments  made  by  Mr.  Afliley 
Cooper  and  Mr.  Colman. 

Exper.  I.  A  dog  was  hanged  and  the  fter- 
num  removed,  and  the  lungs  inflated  until  the 
blood  in  the  left  auricle  became  florid.  The 
contraction  of  the  whole  heart  at  this  time 
was  powerful.  Mr.  Hunter's  thermometer, 
being  raifed  to  98,  was  introduced  through  an 
opening  made  in  the  pericardium,  and  placed 
on  the  right  fide.  The  mercury  rofe  to  99,  and 
then  became  flationary.  The  thermometer 
was  then  removed  to  the  left  fide  of  the  heart, 
but  the  temperature  was  the  fame.  Thus  it  ap^. 
peared,  that  the  heat  within  the  pericardium 
on  the  internal  furface  of  both  fides  of  the 
heart  was  uniform. 

Exper.  2.    An  aperture  was  made  in  the 
right  ventricle  of  the  heart,  and  the  bulb  of 
the  thermometer  thruft  into  it.    The  mercury 
fell  from  99,  to  which  it  had  rifen  in  the  pe- 
ricardium, 
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ricardium,  to  98.  On  applying  the  thermo- 
meter to  the  left  ventricle,  it  fell  to  97. 

Exper.  3.  The  fame  experiment  was  made 
upon  a  cat.  The  temperature  in  the  pericar- 
dium on  both  fides  of  the  heart  was  98.  On 
thruiting  the  thermometer  in  the  right  ven- 
tricle, the  mercury  rofe  to  99  ;  but  when  ap- 
plied to  the  left  it  fell  to  97.  Fifteen  minutes 
after,  the  temperature  of  the  fame  blood  was 
re-examined.  Inftead  of  the  blood  which  the 
right  ventricle  contained  preferving  two  de- 
grees of  heat  more  than  the  blood  which  was 
in  the  left  ;  it  was  found,  on  the  contrary,  that 
the  blood  from  the  right  ventricle  was  four  de- 
grees lower  than  the  blood  which  was  obtain- 
ed from  the  left.  Mr.  Cooper  has  afTured  me 
that  he  has  made  the  experiment  in  different 
ways  j  and  he  has  invariably  found,  that  al- 
though the  blood  that  returned  to  the  lungs 
was  of  fuperior  temperature  at  fir  ft,  to  the 
blood  that  proceeded  from  them  ;  yet  that 
before  coagulation  was  complete,  a  confiderable 
evolution  of  heat  took  place  ;  that  the  arterial 
blood  then  became  from  three  to  fix  degrees 
warmer  than  the  venous. 

That  the  produ&ion  of  animal  heat  pro- 
ceeds 
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ceeds  from  the  decompofition  of  animal  matter, 
is  proved  by  examining  the  various  circum- 
ftances  under  which  the  reftoration  or  evolu- 
tion of  animal  heat  more  efpecially  takes 
place ;  whether  the  examination  be  made  *in 
a  ftate  of  infancy,  of  manhood,  or  of  old 
age  ;  of  health  and  of  ftrength,  of  weaknefs, 
and  of  difeafe.  In  the  period  of  infancy, 
when  the  living  principle  is  wholly  and  ac- 
tively employed  in  the  evolution  of  the  fyf- 
tem,  when  the  growth  is  great  and  the  wafte 
comparatively  fmall,  it  does  not  appear  that 
the  blood  fuffers  the  fame  degree  of  deteriora- 
tion as  it  is  found  to  do  when  the  various 
energies  of  the  mind  are  eminently  difplayed 
in  the  feveral  faculties  of  reflection,  and  in  the 
production  of  mufcular  and  voluntary  motion. 
The  living  power,  therefore,  which  the  whole 
of  the  blood  contains,  preferves  its  feveral  parts 
in  a  ftate  of  union.  The  decompofition  that 
enfues  is  confequently  fmall;  fo  that  the 
temperature  of  the  external  furface  is  very 
low,  and  for  the  moft  part  is  regulated  by  the 
ftate  of  the  atmofphere. 

This  is  the  true  condition  of  the  infant  in  a 
itate  of  health,  when  the  living  principle  is 
5  employed 
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employed  in  the  evolution  of  the  fyftem  in 
the  procefs  of  organization  alone. 

It  is  far  otherwife  in  a  ftate  of  difeafe.  When 
the  living  principle  cannot  organize  or  pre 
ferve  what  it  has  produced,  decomposition  then 
takes  place,  a  wafting  of  the  fyftem  enfues, 
and  a  general  evolution  of  heat.  It  is  then 
that  we  behold  a  burning  fkin,  a  florid  furface. 
The  caloric,  inftead  of  continuing  latent,  by 
preferving  the  living  power  the  lungs  had  im- 
parted to  it,  becomes  fenfible,  when  that  living 
power  is  loft  by  the  effect  of  decomposition 
and  difeafe.  At  the  period  of  manhood,  when 
the  evolution  of  the  fyftem  is  complete,  and 
when  the  lungs  are  comparatively  fmall  to  the 
magnitude  of  the  fyftem  in  general,  the  degree 
of  warmth  is  proportionably  higher  than  in 
infancy ;  when  the  fyftem  is  proportionably 
fmall  and  the  lungs  large,  and  the  blood  in 
the  pulmonary  artery  is  much  higher  than  the 
blood  in  the  pulmonary  vein.  At  that  middle 
period  of  life  the  fpecific  actions  of  the  differ- 
ent organs  are  then  in  full  energy,  and  the 
wafte  the  blood  fuftains  is  confequently  very 
great.  It  is  more  efpecially  the  cafe  from  the 
exertion  of  the  mind  ;  and  it  is  moft  probable 
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that  the  brain  feparates  a  quantity  of  caloric 
from  the  blood,  which  conftitutes  the  nervous 
fluid ;  and  that  the  lofs  which  the  blood  confe- 
quently  fuftains,  is  the  caufe  of  the  weaknefs 
and  laffitude  which  the  body  feels  by  the  ex- 
ertion of  the  mind. 

At  the  period  of  old  age,  when  the  fpecific 
action  of  the  organs  of  fenfation  and  of  volun- 
tary motion  is  weak  and  exhaufted,  and  when 
the  living  principle  is  only  employed  in  pre- 
ferving  what  it  has  produced,  the  wafte  of 
the  fyftem  is  fmall.  The  temperature  there- 
fore is  comparatively  low. 

This  is  the  condition  of  the  fkin  at  the  fe- 
veral  periods  of  manhood  and  of  old  age. 
When  the  fyftem  is  in  a  ftate  of  health  and  of 
ftrength,  fo  long  as  the  different  parts  perform 
their  functions  in  an  eafy  and  regular  manner, 
the  refpiration  is  eafy,  the  motion  of  the 
blood  comparatively  flow,  and  the  tempera- 
ture of  the  external  furface  of  the  body  much 
below  the  ftandard  heat  of  the  internal  parts. 

On  the  contrary,  when  difeafe  takes  place, 
fuch  as  fevers,  inflammations,  &c.  &c.  the  re- 
fpiration is  laborious,  the  blood  is  moved  with 
increafed  velocity,  the  temperature  of  the  ex- 
ternal parts  is  confiderably  increafed  by  the 
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evolution  of  heat  which  takes  place,  and  i 
general  wafting  of  the  fyftem  confequently  en- 
fues.  The  evolution  of  heat  which  then  takefi 
place  proceeds  from  the  deprivation  of  liv- 
ing power  which  the  blood  fuftains  in  con- 
fequence of  the  wafte  it  undergoes  by  the  ac- 
tion of  the  fyftem  at  large  ;  a  chemical  union 
therefore  between  its  conftituent  parts  is  pro* 
duced,  and  an  increafed  quantity  of  heat  is 
generated. 

The  evolution  of  heat  is  alfo  augmented  in 
confequence   of  increafed  actions  either  of 
body  or  of  mind,  and  efpecially  of  both  to- 
gether.   Hence  arifes  the  univerfal  fenlation 
of  heat  from  a  fit  of  paflion,  from  excefs  of 
exercife.     This  increafed  evolution  of  heat 
proceeds  in  an  efpecial  manner  from  thofe 
parts  of  the  fyftem  which  are  moft  abundantly 
fupplied  with  nerves,  and  that  are  more  imme-* 
diately  deftined  to  difplay  the  confcioufnefs  or 
the  energy  of  the  mind.    Thus  a  glow  and 
warmth  on  the  cheeks  from  the  confcioufnefs 
of  merit  openly  rewarded,  or  from  the  bafe  fen- 
fation  of  fhame,  in  confequence  of  a  conduct 
turpid  or  bad ;  the  warmth  of  the  lips  from 
the  prurience  of  the  imagination,  &c.  &c.  &c. 
Thefe  various  actions  have  a  conftant  tendency 

to 


OF  ANIMAL  HEAT. 


479 


to  weaken  the  bond  by  which  the  parts  are 
held  together,  and  to  produce  their  decompo- 
fition. 

That  this  is  the  fad,  will  be  further  apparent 
by  taking  up  the  converfe  of  the  cafe,  and  by 
examining  the  effects  that  enfue  when  thole 
feveral  actions  have  ceafed.  Thus  it  is,  that  in 
the  laft  ftages  of  the  mod  putrid  difeafes,  when 
the  pulfe  is  too  quick  to  be  meafured,  the  fkin 
is  too  hot  to  be  touched  without  imparting  the 
fenfation  of  burning  heat,  and  the  excretions 
are  found  to  be  naufeous  and  putrid.  As  foon 
as  thofe  actions  have  ceafed,  either  by  the  cure 
or  the  death  of  the  patient,  the  various  phe- 
nomena I  have  juft  defcribed  evidently  ceafe ; 
and  a  perfon  who  was  ftinking  and  putrid 
whilft  alive,  in  confequence  of  the  decompo- 
fition  which  the  different  parts  underwent  from 
the  action  of  difeafe,  has  the  ftate  of  decom* 
pofition  evidently  arretted  as  foon  as  thofe  ac- 
tions have  ceafed*. 

On  the  contrary,  in  torpid  habits  more  efpe- 

cially, 

#  It  is  by  contemplating  the  functions  of  the  fyftem  in 
this  point  of  view,  that  we  are  confirmed  in  our  opinion, 
and  are  enabled  to  fee  how  the  fpecific  actions  of  the 
organs  in  particular  have  a  conftant  tendency  to  exhauft  - 

the 
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dally*  as  we  behold  in  the  fcrophulous  and 
chlorotic,  when  the  fyftem  does  not  undergo 
that  degree  of  change  which  is  abfolutely  ne- 
ceflary  for  the  prefervation  of  health  ;  when 
there  is  little  renovation  or  wafte  ;  the  tem- 
perature of  thefe  is  generally  very  low,  and 
is  in  therri  the  proximate  caufe  of  different 
local  and  general  complaints.    It  is  owing  to 
the  abfolute  necemty  that  exifts  in  the  higher 
order  of  animals  for  a  conftant  renovation  and 
change  of  parts,  that  they  become  more  indi- 
gent than  thofe  of  a  more  fubordinate  kind  ; 
that  whilft  their  circulation  is  more  rapid,  and 
their  temperature  high,  in  the  other  it  is  for 
the  moft  part  flow,  and  the  temperature  com- 
paratively low. 

If  we  examine  the  temperature  of  vegetables 
and  of  the  moft  fimple  order  of  animals,  we 
fhall  find  that  it  principally  depends  on  the 
quality  of  the  medium  in  which  they  are  def- 
tinedto  reticle.  Although  the  degree  of  warmth 
(fenfible  heat)  they  poffefs  is  relatively  low, 

the  ftrength  and  living  power  of  the  fyftem  in  general,  and 
more  efpecially  thofe  actions  that  flow  from  the  operation 
of  the  mind,  which  have,  as  I  faid  before,  a  conftant  ten- 
dency to  weaken  or  altogether  to  deftroy  the  living  and 
prefervative  powers  of  the  body.  How  often  do  we  not 
hear  of  fudden  death  from  violent  fits  of  paffion,  &c. 

their 
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their  living  power  is  very  high,  fo  that  the 
living  power  of  what  are  called  cold-blood- 
ed animals  far  furpaffes  that  of  the  warm. — 
In  proportion  as  the  fimplicity  and  felf-fuffi- 
ciency  of  thefe  feveral  fyftems  decreafe,  there 
is  a  progreffive  increafe  of  temperature  ;  from 
fifh  to  the  amphibia,  and  from  amphibia  to 
the  moll  complicated  animals.  The  tempera- 
ture of  fifh  that  have  branchise,  and  a  heart 
with  two  cavities  only,  is  for  the  moft  part 
ftationary,  depending  on  the  degree  of  tem- 
perature of  the  medium.  If  we  proceed  from 
full  to  the  amphibia,  that  have  lungs  with  large 
cells,  a  heart  with  three  cavities  (or  rather  four 
cavities  imperfectly  formed),  we  find  the  tem- 
perature progreffively  increafes,  and  that  this 
degree  principally  depends  on  the  magnitude  of 
the  bronchia?,  or  organs  by  which  the  blood  is 
purified  from  the  increafed  wafte  it  undergoes. 
In  a  toad,  when  the  temperature  of  the  atmo- 
fphere  was  at  3  6  of  Fahrenheit,  the  temperature 
of  the  animal's  ftomach,  and  under  the  fkin  of 
the  belly,  was  at  40.  In  a  frog,  when  the  at- 
mofphere  was  at  35,  the  temperature  of  its 
ftomach  and  belly  was  39  to  40.  In  a  turtle, 
it  is  about  42.  On  the  contrary,  in  quadrupeds, 
and  the  human  fpecies,  that  have  lungs  with 
vol,  11.  I  i  fmall 
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fmall  cells, — that  have  a  heart  with  four  dif- 
tind  cavities,  and  where  the  wafte  of  the  fyf- 
tem  is  confid-rable  in  confequence  of  the 
various  actions  they  perform  ;  their  blood,  as 
I  have  faid  before,  at  its  fource,  when  fub- 
fifting  in  its  pureft  ftate,  is  97  ;  at  its  ter- 
mination, and  in  its  moft  impure  one,  it 
is  99. 

The  blood  which  the  pulmonary  veins,  left 
fide  of  the  heart,  and  arterial  fyftem  contain, 
is  for  the  moft  part  fluid  ;  and  although  it 
is  two  degrees  cooler  than  venous  blood, 
fo  long  as  the  powers  of  life  and  of  action 
continue, — this  cool  arterial  blood,  by  the  cef- 
fation  of  vital  action,  becomes  fenlibly  warmer 
than  the  venous,  and  raifes  the  mercury  in  the 
thermometer  higher  than  the  other.  When  the 
venous  blood  is  coagulated,  it  is  combuftion  end- 
ed with  a  low  temperature; — with  the  arterial,it 
is  combuftion  begun  and  actually  exifting  with 
the  temperature  high.  After  this  effect  is  end- 
ed, and  the  decomposition  produced  that  muft 
neceflarily  attend,  the  arterial  l^lood  lofes  this 
high  degree  of  temperature,  and  finks  down  to 
the  fame  level  as  the  venous  is  found  to  attain 
out  of  the  fyftem,  after  it  is  coagulated 

If  the  caufe  of  animal  heat  depended,  as  is 

generally 
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generally  fuppofed,  on  the  quantity  of  caloric 
that  is  abforbep1,  the  temperature  of  the  fyftem 
at  the  period  of  manhood  would  be  far  lower 
thank  is  found  to  be  during  the  period  of  in- 
fancy, becaufe  the  comparative  magnitude  of 
the  lungs  in  particular,  with  refpect  to  the  fize 
of  the  fyftem  altogether,  is  much  lefs  in  the 
one  than  it  is  in  the  other.  In  infancy,  the 
lungs  have  attained  their  fullnefs  of  growth, 
when  the  fyftem  is  not  half  evolved.  Great 
therefore  muft  be  the  quantity  of  caloric 
feparated  and  abforbed.  How  immenfely  high 
then  ought  to  be  the  temperature  of  the  infant 
frame  !  And  finally,  that  animal  heat  does  not 
altogether  depend  on  the  quantity  of  caloric 
which  is  abforbed  by  the  lungs,  is  further 
proved  by  facts  which  every  practitioner  muft 
often  have  beheld — Of  the  continued  and  ex- 
cemve  quantities  of  fenfible  heat  which  are 
evolved  from  different  patients  labouring  un- 
der phthifis  pulmonalis,  at  thofe  times,  when 
the  difeafe  of  the  lungs  muft  weaken,  or  alto- 
gether bereave  them  of  the  power  of  acting. 
I  have  feen  a  fcorching  and  a  burning  heat 
iffue  from  the  furface  of  the  fkin  of  thofe, 
whofe  lungs,,  after  death,  I  have  found  eroded 

I  i  2  and 
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and  almoPt  totally  wafted,  the  bronchia: 
themfelves  plugged  up  and  abounding  with 
purulent  matter,  and  when  the  quantity  of 
caloric  abforbed  mull  confequently  vave  been 
very  final  1.  So  far  indeed  is  the  abforp- 
tion  of  caloric  from  producing  heat  in  the 
part  by  which  it  is  received,  that,  it  tends  to 
abate  the  temperature  of  the  blood.  It  pro- 
duces, it  is  true,  an  increafe  of  fluidity  and  a 
melioration  of  colour.  It  changes  blood  from 
a  coagulating  or  ropy  confidence  to  a  fluid 
one, — from  a  black  to  a  florid  colour,  and 
from  a  higher  degree  of  heat  to  a  lower  one. 

If  the  lungs  were  the  immediate  agents  by 
which  animal  heat  was  produced,  and  the  pro- 
duction of  animal  warmth  the  final  caufe  of 
their  action,  the  effects  would  be  immediately 
rendered  fenfible  by  the  temperature  of  the 
blood  by  which  that  warmth  was  received  ;  fo 
that  the  blood  of  the  pulmonary  veins,  inftead 
of  being  cooler,  would  be  much  hotter  than 
the  blood  in  the  pulmonary  artery.  We  may 
therefore  conclude  that  the  atmofpheric  matter 
which  the  blood  immediately  receives  through 
the  medium  of  the  lungs,  does  not  act  by  the 
production  of  fenfible  heat  (of  warmth),  but  by 

meliorating 
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meliorating  the  quality  of  the  blood,  efpecially 
with  refpecl:  to  fluidity  and  colour, — conditions 
of  the  blood  .which  are  known  to  be  mod  fa- 
vourable for  its  ufe. 

That  the  lungs  are  not  the  immediate 
fources  of  animal  heat,  is  further  proved  from 
the  low  temperature  of  the  blood  of  thofe  who 
infpired  air  of  a  degree  of  temperature  far  ex- 
ceeding the  heat  of  the  blood*. 

Although  the  air  of  the  room  was  heated  to 
ai2,  and  even  up  to  260  degrees, — inftead  of 
this  air  fo  heated  being  received  by  the  blood 
in  that  ftate,  the  blood  continued  at  the  ordi- 
nary temperature  of  99  and  100.  The  lungs 
therefore  had  the  power  of  decompofing  the 
fenfible  heat,  and  of  abating  the  high  tempera- 
ture it  contained. 

Seeing  then  that  the  fenfible  heat  of  the 
blood  abates,  whilfr.  the  lungs  perform  their 
functions  in  a  proper  manner  in  meliorating 
the  blood  ;  and  on  the  contrary,  that  the  fen- 
fible heat  of  the  blood  progreflively  increafes 
in  proportion  as  it  proceeds  fartheft  from  the 
lungs  dependent  on  the  degree  of  deterioration 

*  Vide  the  experiments  of  Sir  Charles  Blagden,  Dr. 
Fordyce,  Dr.  Hunter,  &c.  &c. 

I  i  3  which 
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which  the  blood  undergoes  j  I  am  neceflarily 
led  to  conclude,  that  the  generation  of  high 
degrees  of  fenfible  heat  proceeds  from  the  lofs 
of  vitality  which  the  blood  originally  con- 
tained, fo  that  a  chemical  union  between  its 
conftituent  parts  confequently  takes  place. 

Such  is  the  high  degree  of  vitality  which  the 
blood  contains  at  its  fource  in  the  pulmonary 
veins,  that  the  whole  is  in  a  ftate  of  union  and 
concert.  It  is  then  that  its  ftandard  of  perfec- 
tion is  to  be  taken,  not  only  in  point  of  colour 
and  confiftence,  but  of  temperature  alfo.  It  is 
at  the  termination  of  the  pulmonary  artery, 
after  it  has  fuftained  the  wafte  in  its  circuit 
through  the  fyftem,  that  the  ftandard  of  its 
imperfection  is  to  be  meafured.  Inftead  of 
being  florid  and  fluid,  and  its  temperature 
low,  it  is  black,  having  a  conftant  difpofition 
to  coagulate,  and  its  temperature  is  high. 
I  fay,  that  as  it  departs  from  the  organ  by 
which  it  was  meliorated,  in  that  proportion 
does  it  lofe  its  living  property,  and  obtain  its 
chemical :  it  is  by  the  lofs  of  the  one  that  it 
acquires  the  other.  Animal  heat  would  there- 
fore appear  to  arife  from  a  ftate  of  decompo- 
fition  which  takes  place  between  the  dying 
parts  of  a  living  animal  j  and  the  decompofition 

which 
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which  the  blood  has  fuftained,  is  the  caufe  why 
there  are  two  degrees  of  difference  in  the  tem- 
perature of  the  good  and  of  the  bad  biood, — 
between  that  which  proceeds  from  the  lungs, 
and  that  which-  returns  to  it ;  between  that 
which  is  florid  and  fluid,  and  that  which  is 
black  and  which  has  a  tendency  to  coagulate. 

It  therefore  remains  for  me  to  point  out  the 
means  which  the  fyftem  contains,  through  the 
agency  of  which  it  is  capable  of  extricating 
and  of  parting  with  all  this  carbonaceous  and 
volcanic  matter,  with  all  the  charcoal,  the  fixed 
and  inflammable  air,  that  are  produced,  which 
being  deleterious  to  the  fyftem  are  confe- 
quently  deftined  to  be  expelled  out  of  it.  I 
am  therefore  led  to  defcribe, 

i  ft.  The  kidneys,  and  the  nature  of  the 
urine  they  fecrete.  2dly.  The  exhalant  vefiels 
of  the  {kin,  and  the  matter  of  perfpiration. 
3<dly.  The  matter  which  the  exhalant  termina- 
tions of  the  pulmonary  arteries  give  out  during 
the  procefs  of  expiration*. 

It  was  my  intention  to  have  given  an  ana- 

*  The  difcharge  from  the  inted  inal  canal  is  not  fo  much 
an  excretion  of  the  fyftem  itfelf  from  within,  as  of  mat- 
ter that  has  been  received  from  without,  and  which  in 
fome  refpe£t  is  foreign  to  the  fyftem. 

I  i  4  lyfis 


488 


OF  ANIMAL  HF AT. 


lyfisof  Dr.  Crawford's  theory  of  animal  heat, 
and  a  criticifm  upon  it.  But  as  this  theory  is 
now  quite  out  of  fafhion,  and  rendered  in  fact 
obfolete,  by  the  mock  which  the  phlogiftic 
doctrine  has  fuftained,  I  fhall  merely  give  Mr. 
Bell's  opinion  upon  it,  as  the  molt  modern 
writer  upon  the  fubject,  and  fpare  the  reader 
the  trouble  of  reading  what  I  have  faid  to 
prove  it  improbable,  impoffible,  and  erro- 
neous. 

"  But  concerning  this  doctrine,  which  in  its 
philofophical  as  well  as  its  chemical  part  is  now 
antiquated,  it  is  allowable  to  fay,  more  freely 
than  of  almoft  any  other,  that  its  intricacies 
are  its  beauties;  that  it  is  an  hypothefis  illus- 
trated by  experiments,  which  have  no  other 
tendency  than  to  make  it  look  well  in  the  face ; 
and  which  are  made  with  fuch  affectation  of 
nicenefs  as  is  completely  ludicrous.  The  au- 
thor pretends  to  meafure,  to  the  tenth  part  of 
a  degree,  the  proportion  of  heat  in  wheat,  bar- 
ley, flefh,  milk,  &c.  Airs  he  alfo  meafures, 
{hewing  the  various  capacities  for  heat  in  the 
different  kinds  of  air  to  the  tenth  part  of  a 
degree  ;  a  thing  much  fitter  for  a  magician 
than  a  philofopher  to  undertake  j  and  which 
Dr.  Crawford  has  executed  fo  ill,  that  we  are 

teafed, 
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-  teafed,  or  rather  thoroughly  exhaufted,  before 
we  begin,  with  correcting  meafures  and  inftru- 
ments,  and  fettling  data;,  while  each  new  edi- 
tion of  the  book  on  Animal  Heat  muft  be  pre- 
faced with  new  apologies,  new  confeffions, 
new  corrections,  new  calculations,  unhinging 
fo  entirely  the  conclusions  and  calculations  of 
former  copies  of  it,  that  we  find  ourfelves 
even  now  engaged,  along  with  our  inftructor, 
in  a  wildernefs  of  errors,  from  which  we 
can  have  no  hopes  of  being  extricated. 

"  Oxydation  is  a  procefs  which  had  no 
place  in  Dr.  Crawford's  views.  He  never 
conceived  that  it  was  the  prefence  of  oxy- 
gene,  as  a  new  principle,  which  gave  co- 

.  lour,  ftimulant  powers,  coagulability,  and  all 
its  moft  ufeful  properties  to  the  blood ;  but 
he  believed  that  pure  air,  uniting  with  in- 
flammable air  in  the  lungs,  formed  fixed  air ; 
and  this  fixed  air  being  incapable  of  con- 
taining the  heat  which  it  had  while  in  the  ftate 
of  pure  air,  that  heat  was  depofited,  or,  as  it 
were,  precipitated  upon  the  blood.  He  main- 
tains that  there  are  of  inflammable  air  two 
kinds;  one  capable  of  forming  water,  another 
of  forming  fixed  air.  But  fixed  air,  derived 
from  inflammable  gas  of  any  kind,  all  chemifts 

will 
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will  deny.  He  begins  his  doctrine,  there- 
fore, not  with  a  fad,  but  with  a  petitio  prin- 
cipii ;  and  what  is  worfe,  his  main  experiment 
is  wrong."  Page  120,  of  2d  vol.  of  John 
Bell's  Anatomy. 

Of  the  Excretory  Organs  in  general — Of  ttp 
Kidneys  in  particular. 

The  kidneys  are  two  in  number,  fituated 
on  each  fide  of  the  lumbar  vertebras,  upon  the 
pofterior  part  of  the  two  inferior  ribs.  The 
right  kidney  is  placed  under  the  great  lobe  of 
the  liver :  on.  the  contrary,  the  left  lies  below 
the  fpleen,  and  is  rather  higher  than  the  right. 
In  fhape,  the  kidneys  refemble  a  kidney  bean. 
Their  internal  organization  aflumes  different 
forms :  the  external  portion,  which  is  pale,  is 
called  the  cortical  part ;  the  portion  of  the  kid- 
ney internal  to  this  is  called  the  medullary ; 
the  blood  which  is  conveyed  to  thefe  organs 
through  the  medium  of  the  emulgent  arteries 
ramifies  in  the  cortical,  and  teminates  in  the 
medullary  portion.  The  medullary  portion, 
which  is  found  to  be  of  a  ftriated  form,  termi- 
nates in  the  papillary  part  of  the  kidneys,  and 
which  feems  to  be  the  point  where  the  blood 
becomes  altered,  and  out  of  it  urine  produced, 

a  There 
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There  are  feveral  fmall  apertures,  ten  or 
twelve  in  number,  through  which  the  fluid 
paffes  into  a  cavity  called  the  pelvis  of  the 
kidney. 

It  is  from  the  pelvis  of  the  kidney  that 
a  number  of  tubes  arife  called  tubuli  uri- 
naria Thefe  tubes  unite  into  one,  and  this 
one  tube  it  is  which  is  called  the  ureter. 

The  ureters  are  generally  the  breadth  of  a 
goofe-quill,  and  about  one  foot  in  height. 
They  have  an  external  covering  from  the 
peritonaeum,  a  middle  mufcular  coat,  and  an 
internal  mucous  one.  They  pafs  obliquely 
between  the  coats  of  which  the  bladder  of 
urine  is  compofed,  and  finally  terminate  within 
its  internal  furface.  By  this  mode  of  con-* 
ftrudtion  it  is  that  a  valvular  effecl:  is  pro- 
duced ;  and  whilft.  the  urine  is  allowed  to  flow 
through,  it  is  prevented  from  returning. 

The  Bladder  of  Ur'me 

Is  fituated  in  the  lower  and  anterior  part  of 
the  pelvis.  It  has  the  fame  coats  which  we  have 
Teen  the  inteftinal  canal  poffefs,  and  thefphinc- 
ter  veficse  feems  to  be  formed  in  the  fame  man- 
ner, 
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ner,  and  allotted  to  perform  the  fame  office  as 
the  fphincter  ani. 

The  bladder  is  the  refervoir  which  is  def- 
tined  to  receive  the  urine  which  the  kidneys 
may  have  fecreted,  until  the  accumulation  is 
fo  confiderable,  that  either  from  quantity  or 
quality,  either  from  the  irritation  caufed  by 
diftenfion  or  acrimony,  the  mufcular  coat  of 
the  bladder  is  excited  to  contract;  the  fphinc- 
ter mufcle  gives  way,  and  the  urine  is  ex- 
pelled through  the  medium  of  the  urethra  out 
of  the  fyftem  as  excrementitious  and  foreign. 
Such  is  the  deleterious  quality  of  the  matter 
which  the  kidneys  feparate  from  the  blood 
which  they  receive,  that  although  thofe  fub- 
ftances  were  in  a  latent  ftate  whilft  they  ex- 
ifted  in  the  blood,  as  foon  as  they  have  been 
feparated  from  it  by  the  power  of  the  kidneys, 
they  lofe  thofe  latent  properties  which  they 
contained  by  the  living  power  which  they 
had  received,  and  become  immediately  fen- 
fible.  Thus  it  is  that  cantharides,  either  when 
abforbed  by  the  fkin  from  the  application  of  a 
blifter,  or  introduced  into  the  ftomach  in  the 
form  of  medicine,  and  conveyed  into  the  mafs 
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of  blood, — although  they  do  not  then  pro- 
duce any  fenfible  effects,  as  foon  as  they  be- 
come feparated  by  the  kidneys  from  the  blood, 
the  fenfible  properties  'which  had  been  de- 
ftroyed,  and  become  latent,  by  the  power  of 
the  aflimilating  organs  are  again  recovered. 
The  cantharides  act  by  virtue  of  their  fenfi- 
ble qualities ;  .  inflame  either  the  kidneys, 
the  ureters,  but  more  efpecially  the  neck  of 
the  bladder  of  urine, — that  portion  of  it  which 
is  the  moft  irritable  of  the  whole,  producing 
thereby  itrangury.  It  is  owing  to  this  ftate 
of  decompofition  which  the  conftituent  parts 
of  the  blood  fuftain,  which  the  kidneys  re- 
ceive, and  the  deleterious  qualities  which  are 
imparted  to  them  by  the  power  of  the  kid- 
neys, that  we  can  frequently  detect  them  in 
the  urine.  Thus  it  is  that  nitre,  when  taken 
by  the  ftomach,  is  frequently  found  in  the 
urine  in  10  pure  a  ftate  that  touch-paper  may 
be  formed  ;  that  the  urine  gives  out  particular 
fubftances  which  impart  particular  fenfations 
to  the  olfactory  or  optic  fenfes,  as  turpentine, 
afparagus,  rhubarb,  indigo,  &c. 

It  is  owing  to  the  decompofition  which 
the  urine  undergoes,  that  we  fee  it  fo  prone 
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to  cryftallize.  This  ftate  of  decompofitiofl 
often  takes  place  within  the  pelvis  of  the 
kidney  itfelf,  and  gravel  and  calculi  are  form- 
ed in  it.  I  have  feen  fome  kidneys  complete- 
ly filled  by  large  nones,  that  had  acquired 
the  ufual  fize  of  the  kidney  itfelf.  This  ten- 
dency to  decompofition  progrefTively  increafes 
as  the  urine  departs  from  the  kidneys ;  it  be- 
comes acrid  by  long  refidence  in  the  bladder ; 
•  the  quantity  of  faline  matter  it  contains  reco- 
vers its  chemical  qualities.  ,  The  quantity  of 
ferum  in  which  thefe  chemical  bodies  are  in- 
volved, preferves  them  in  a  ftate  of  folution, 
but  by  long  refidence  the  ferum  itfelf  lofes  in 
part  this  folvent  power.  1  he  faline  matter 
becomes  precipitated,  like  a  faturated  folution 
of  fugar  or  of  fait  in  hot  water,  when  it  is  ex- 
pofed  to  a  cold  medium.  I  do  not  mean 
that  the  temperature  of  the  ferum  is  lower, 
but  that  its  folvent  power  becomes  weaken- 
ed ;  that  it  is  unable  to  keep  fufpended  the 
fame  quantity  of  faline  or  other  extraneous 
matter,  after  it  has  remained  a  confiderabie 
time  in  the  bladder,  that  it  did  foon  after  it  ar- 
rived there.  It  is  owing  to  this  caufe  that 
gravel  and  calculi  are  fo  frequently  found  in 
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the  bladder,  and  that  the  urine  itfelf,  although 
perfe&ly  clear  and  apparently  homogeneous 
at  the  time  it  is  voided,  is  found  foon  after  to 
feparate  and  decompofe,  to  depofit  fediments 
of  different  kinds.  This  is  more  efpecially 
the  cafe  with  the  weak  and  fickly  than  with 
the  ftrong  and  healthy, — with  the  old  than  the 
young.  The  urine  of  the  old,  indeed,  is  ge- 
nerally clouded  and  gritty,  acrid  and  ftimu- 
lating,  weakening  by  conftant  action  the. 
fphin&er  mufcle  ;  fo  that  the  urine  is  at  length 
voided  without  any  power  by  which  it  can 
be  reftrained. 

It  is  not  thefe  faline  fubftances  alone  that  are 
feparated  from  the  blood  by  the  power  of  the 
kidneys,  and  which  are  involved  in  the  ferum 
of  the  urine  ;  but  we  are  able  to  afcertain,  that 
it  contains  a  large  quantity  of  the  phofphoric 
or  inflammable  matter  alfo,  which  I  have 
proved  was  generated  in  the  fyftem  itfelf  by 
the  a&ions  it  performed.  That  this  is  the 
cafe  is  proved  by  the  analyfis  of  urine  foon 
after  it  is  voided. 

Upon  the  moft  modern  and  beft  chemical  au- 
thority, the  conftituent  parts  of  human  urine 
are,  phofphate  of  lime,  phofphate  of  ammonia, 
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phofphate  of  foda,  muriate  of  foda,  muriate  of 
potafh,  a  foapy  fubftance  coniifting  of  oil, 
carbonate  and  muriate  of  ammonia  and  a  little 
loofe  alkali,  befides  a  mucilaginous  extractive 
matter,  and  water. 


CHAP.  XIX. 

ON  PERSPIRATION,  OR  SECOND  MODE  OF 
EXCRETION. 

I.  The  quality  if  the  aeriform  matter  afcertained by  different 
experiments — the  quantity  alfo. — 2.  Quality  and  quantity 
of  the  fluid  perjpired,  &c. 

ThE  matter  which  is  perfpired  through  the 
exhalant  veffels  that  terminate  on  the  furface 
of  the  {kin  conftitutes  the  fecond'  means  by 
which  the  blood  becomes  depurated  from  a 
large  quantity  of  noxious  matter  which  it 
continually  generates; — matter  either  of  a  fo- 
lid,  of  a  fluid,  and  more  efpecially  of  an  aeri- 
form ftate. 
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It  frequently  contains  various  fubftances 
which  had  been  received  by  the  medium  of 
the  chylopoietic  vifcera  into  the  blood,  and 
which  were  there  latent  and  inoffenfive,  but 
are  afterwards  given  out  in  a  fenfible  form. 
The   odour  which  the  perfpirable  matter 
imparts  to  the  olfactory  fenfe  of  thofe  who 
have  eaten  onions,  or  taken  mercury,  is  very 
perceptible.    It  is  equally  the  cafe  with  va- 
rious poifons  that  have  been  received  into 
the  blood,  either  by  the  action  of  the  abforb- 
ents  from  the  fkin,  or  that  were  involved  in 
our  food.    If  the  aflimilation  has  been  com- 
plete, and  the  fenfible  properties  of  thefe 
fubftances  totally  deftroyed,  they  continue 
in  the  blood  dormant  and  harmlefs.  They 
may  be  even  depofited  in  glands  or  interftitial 
parts,  and  anfwer  the  purpofes  of  fecretion  or 
of  reftoratioh.    If,  however,  the  aflimilation 
has  been  imperfect,  and  more  efpecially  if, 
with  this  imperfection,  exciting  caufes  arife 
to  weaken  the  conftitution  in  general,  and  to 
loofen  the  bond  by  which  their  fenfible  pro- 
perties were  held  together  j~  in  fuch  cafes,  I 
fay, the  particular  and  original  properties  which 
thefe  fubftances  pofTeffed,  inftead  of  conti- 
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nuing  dormant,  become  fenfible ;  inftead  of 
being  in  harmony  with  the  whole,  they  aft 
upon  the  parts  in  which  they  are  depofited, 
producing  the  various  phenomena  of  difeafe, 
either  univerfal  or  local,  or  both.  This  I  take 
to  be  the  proximate  caufe  of  many  fevers,  the 
feeds  of  which  every  individual  carries  about 
him ;  and  it  only  requires  the  application  of 
fuch  caufes  as  tend  to  weaken  the  fyftem,  that 
loofen  the  bond  which  keeps  thefe  fub fiances 
in  a  dormant  fiate,  to  make  them  difplay  their 
fenfible  properties,  and  excite,  the  phenomena 
of  difeafe.  It  is  the  cafe  alfo  with  various  fpeci- 
fic  poifons,  as  that  of  fyphilis  and  hydrophobia, 
fmall-pox  and  meafles,  coc.  &c.  &c.  Difeafe 
therefore  is  the  very  reverfe  and  oppofite  to 
health.  Health  confifts  in  the  organs  a&ing 
upon  the  blood,  and  in  the  blood  itfelf,  being 
preferved  in  a  ftate  of  union  and  confent.  On 
the  contrary,  difeafe  confifts  in  the  blood  lofing 
the  power  by  which  this  union  is  produced. 
Decompofition  therefore  takes  place ;  and  the 
matter  fo  decompofed,  inftead  of  being  aded 
upon,  acts  upon  the  orga'ns,  producing  inflam- 
mation and  difeafe.  It  is  in  confequenee  of 
this  ftate  of  decompofition  that  various  ova 
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and  animalculae,  which  the  blood  contained  in 
a  latent  f«  Tin,  become  evolved  in  a  fenfible 
one.  This  is  often  the  cafe  in  thofe  organs 
which  are  particularly  fupplied  with  the  worft 
blood,  as  the  liver — where  the  bond  of  union 
is  moft  weak,  and  the  difpofition  to  decompo- 
fition  is  the  moft  ftrong.  Hence  it  is  that 
worms  are  frequently  found  in  the  fubftance 
of  the  liver  itfelf. 

It  is  more  efpecially  the  cafe  when  the  ac- 
tions of  life  have  ceafed,  and  the  aflimilating 
powers  are  loft, and  when  a  total  decompofition 
of  the  fyftem  enfues :  it  is  then  that  the  fyf- 
tem  becomes  a  prey  to  the  vermin  it  contain- 
ed ;  that  it  becomes  devoured  by  the  very  ali- 
ment on  which  it  fed — lo  that  the  ova  which 
that  aliment  contained  become  evolved  by  the 
nourishment  they  receive  from  the  fyftem 
of  which  they  formed  a  part,  and  for  the  fup- 
port  of  which  they  were  efpecially  defigned. 

The  fluid  and  aeriform  matter,  &c.  which 
is  given  out  by  the  veflels  of  the  fkin  is  ex- 
crementitious  and  foreign,  has  been  examined 
by  different  phyfiologifts ;  but  by  no  one  fo 
particularly  as  by  Mr.  Ahernethy  and  Mr. 
Cruickfhank.    Mr,  Abernethy  filled  a  glafs 

K  k  %   '  jar 


500 


ON  PERSPIRATION. 


jar  with  quickfilver,  which  was  inverted  in 
a  trough,  containing  fuch  a  quantity  of  quick- 
filver as  was  fufficient  to  allow  the  introduc- 
tion  of  his  hand  into  the  jar.  By  thefe  means, 
the  matter  emitted  from  the  furface  of  his 
hand  was  readily  collected  on  the  top  of  the 
mercury.  In  fixteen  hours  half  an  ounce 
meafure  of  air  was  obtained ;  no  kind  of 
moifture  appeared  on  the  furface  of  the  quick- 
filver, nor  could  be  collected  by  the  introduc- 
tion of  bibulous  paper.  "Whatever  moifture 
was  emitted  adhered  to  the  furface  of  the 
hand,  whilft  the  air  by  its  levity  afcended  to 
the  top.  On  throwing  up  lime-water  to  this 
air,  two-thirds  of  it  were  rapidly  abforbed ;  a 
proof  that  it  contained  fo  much  carbonic  acid 
gas,  or  fixed  air.  On  throwing  up  to  the  re-, 
fiduum  a  bubble  of  nitrous  air,  no  red  fume* 
were  abforbed,  nor  was  there  atiy  diminution 
of  quantity  ;  proving  it  to  confift  of  nitro- 
genous Or  phlogifticated  air. 

This  experiment  was  varied  by  fubftitutiug 
water  to  the  quickfilver  in  the  jar.  The  wa- 
ter abforbed  the  carbonic  acid  gas,  and  the 
phlogifticated  air  remained  at  the  top  of  the 
water. 

Mr. 
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Mr.  Abernethy  expofed  his  hand  fuccef- 
fively  to  atmofpheric  air  and  to  nitrogenous 
gas ;  and  in  every  cafe  he  found  the  emiflion 
of  fixable  air  and  of  nitrogene. 

In  the  lad  place,  he  endeavoured  to  afcer- 
tain  the  quantity  and  quality  of  the  ferous  (not 
aqueous)  perfpiration.  For  this  purpofe  he 
introduced  his  hand  and  fore-arm  into  a  jar 
covered  with  a  bladder  :  an  aperture  was  made 
in  the  bladder  to  admit  the  arm,  round  which 
the  bladder  was  tied..  In  fix  hours  nearly 
three  drachms  of  a  fluid,  limpid  and  taftelefs, 
were  procured.  On  evaporation  it  appeared 
flightly  faline.  It  underwent  no  change  when 
left  to  ftand  for  feveral  days,  nor  altered  the 
colour  of  vegetable  blues,  nor  precipitated  or 
coagulated  when  marine  acid  was  dropped  on 
it,  or  cauftic  alkali. 

Mr.  Abernethy  thinks  the  quantity  of  air 
perfpired  in  one  day  amounts  to  nearly  three 
gallons,  and  of  water  about  two  pounds  and  an 
half.  He  collected  in  one  hour,  of  water  ex- 
haled from  the  lungs,  about  three  drachms,  in- 
fipid,  but  not  limpid.  On  evaporation  a  flight 
cruft  remained  on  the  furface  of  the  glafs ;  not 
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fait,  but  which  had  a  burnt fmell.  After  ftan cl- 
ing for  a  few  days,  it  changed  the  vegetable 
blues  to  a  faint  green.  The  evolution  of  heat 
which  takes  place,  does  not  proceed  from  any 
fpot  in  particular,  but  iffues  out  from  the  fur- 
face  in  general.  It  is  combined  for  the  raoft 
part  with  a  quantity  of  noxious  matter,  which 
is  expelled  with  it  out  of  the  fyftem  as  dele- 
terious and  hurtful. 
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CHAP.  XX. 

ON  EXPIRATION,  OR  THE  THIRD  AND  LAST  MODE 
OF  EXCRETION. 

Tie  diaphragm  ufcful  in  expiration  only,  by  diminifhing  the 
longitudinal  capacity  of  the  thorax — is  of  no  fervice  in  in- 
fpi  ration,  as  fated  by  fome — in  extraordinary  cafes  the  ab- 
dominal mufcles  co-operate  with  the  diaphragm  in  depr effing 
the  ribs,  and  in  producing  a  more  complete  diminution  in  the 
internal  capacity  of  the  thorax — <by  means  of  -which  the  azotic- 
air  is  expelled,  as  deleterious  and foreign  —its  qualities  nox- 
ious, and  the  caufe  of  difeafes. 

SlJCH  is  the  fenfe  of  uneafinefs  and  pain,  of 
oppreffion  and  of  debility,  which  is  produced 
by  the  excretory  matter  returned  into  the 
bronchia  by  the  exhalant  termination  of  the 
pulmonary  arteries,  that  the  functions  and 
actions  of  the  machine  would  be  infallibly 
abolifhed,  if  this  excretory  matter  were  re- 
tained  inftead  of  being  expelled. 

It  is  with  a  view  to  this  end  that  the  dia- 
phragm is  efpecially  defigned.  The  natural 
condition  of  the  diaphragm  is  to  be  convex 
towards  the  lungs,  and  concave  towards  the 
abdomen,  as  it  is  found  to  be  in  the  fcetal  ftate. 
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On  the  contrary,  in  the  adult  ftate,  when  in- 
fpiration  has  taken  place,  it  is  forced  from  this 
relaxed  condition,  by  the  diftenfion  which  the 
lungs  fuftain  from  the  air  they  receive  ;  fo  that 
its  mufcular  ribres  contract,  and  bythefe  means 
it  becomes  altered  from  a  curve  upwards  to  a 
plane.  As  foon,  however,  as  this  air  becomes 
diminifhed,  either  from  abforption,  or  from 
the  lofs  of  its  eiafticity,  the  diftenfion  which 
the  bronchia*  had  fuftained  progrefiively  goes 
off,  the  diaphragm  returns  into  its  original 
ftate,  tnd,  in  this  act,  the  internal  capacity 
of  the  thorax  is  diminifhed  in  a  longitudinal 
direction. 

This  a&ion  which  the  diaphragm  performs 
feems  to  be  independent  of  the  will,  and 
goes  on  during  fleep  as  perfectly  as  during  a 
ftate  of  watchfulnefs.  The  diaphragm  appears 
to  be  an  organ  not  neceflary  to  the  pro- 
cefs  of  infpiration,  but  of  expiration  only. 
In  its  natural  ftate  it  muft  ever  impede  trie 
procefs  of  infpiration  ;  and  it  is  only  by  the 
impetus  of  the  air  when  it  rufhes  into  the 
bronchia:  from  without,  that  this  natural  con- 
dition of  the  diaphragm  is  overcome,  a  contrac- 
tion of  its  mufcular  fibres  produced,  and  the 
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longitudinal  direction  of  the  thorax  confequent- 
ly  enlarged.  I  mention  this  circumftance,  be- 
caufe  anatomifts  of  diftinguifhed  reputation 
fpeak  and  write  about  the  diaphragm  as  if  it 
were  effential  to  the  different  proceffes  of  re- 
fpiration.  Mr.  Cruickfhank  talks  in  fome  of 
his  experiments  upon  dogs,  of  the  animal 
breathing  by  means  of  the  diaphragm  only  ; 
and  Mr.  John  Bell  has  made  a  particular 
arrangement  of  animals  that  breathe  by 
means  of  a  diaphragm,  from  thofe  that  do 
not ;  and  in  his  ufual  manner  mews  a  grim 
vifage  to  Mr.  Hunter  for  fome  error  which 
Mr.  B.  fuppofes  Mr.  H.  has  committed.  I 
have  heard  of  animals  breathing  by  means  of 
lungs,  but  never  before  by  means  of  a  dia- 
phragm. Take  the  lungs  away,  and  leave  the 
diaphragm  behind,  what  becomes  of  the 
breathing  ?  Not  fo  if  the  diaphragm  be  taken 
away  and  the  lungs  left — breathing  may  ftill  go 
on.  There  are  various  claffes  of  animals  that 
have  lungs,  but  are  deftitute  of  a  diaphragm, 
as  fowls,  &c.  &c.  And  in  quadrupeds  and 
the  human  fpecies  itfelf,  infpiration  will  cer- 
tainly take  place  without  a  diaphragm,  and 
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expiration  alfo,  although  evidently  in  a  more 
imperfect  manner.  It  will  take  place  from 
the  depreflion  of  the  ribs,  either  by  the  lofs 
of  power  in  the  intercoftal,  or  more  efpe- 
cially  by  the  contraction  of  the  abdominal 
mufcles.  It  appears  to  me,  that  in  eafy  and 
in  ordinary  expirations,  the  diaphragm  alone 
is  adequate  to  the  tafk  :  but  when  the  quan- 
tity of  azotic  matter  which  had  been  difcharged 
into  the  bronchia  from  the  exhalant  termina- 
tion of  the  pulmonary  arteries  is  considerable, 
and  the  power  of  the  fyftem  exhaufted  ;  not 
the  diaphragm  alone,  but  the  abdominal  mufcles 
alfo  co-operate  in  performing  one  and  the  fame 
office  *  ;  fo  that,  by  the  combined  effect  they 
produce,  the  internal  capacity  of  the  thorax 
is  diminifhed  in  all  directions;  the  lungs  be- 
come compreffed  and  collapfed  ;  the  mecha- 
nical preffure  which  the  bronchia  fuftain 
forces  out  the  azotic  air  they  contain  through 
the  medium  of  the  trachea  into  the  mouth, 

*  It  is  to  prevent  the  effecT:  of  their  motion  from  being 
felt  by  the  abdominal  vifcera  that  the  omentum  is  efpe- 
cially  defigned.  Inftead  of  defcribing  it  as  I  have  done, 
when  I  defcribed  the  chylopoietic  organs,  I  ought  to  have 
done  it  in  this  place. 

from 
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from  whence  it  is  puffed  out  of  the  fyf- 
tem  *. 

That  this  excretory  matter  is  deleterious  and 
poifonous  to  the  fyftem  by  which  it  was  pro- 
duced, is  evident  to  every  one.  No  doubt  can 
exift,  but  that  if  we  were  to  infpire  again 
the  air  we  expire ;  or  if  it  were  retained  in 
the  bronchia  without  expiring,  that  unea- 
finefs  and  death  itfelf  would  prefently  enfue. 
That  death  in  fuch  a  cafe  would  not  arife 
fimply  from  the  exclufion  of  vital  air,  but  that 
it  would  be  accelerated  by  the  retention  of  the 
azotic,  has  been  proved  by  experiments  on 
dogs.  The  bronchia  have  been  filled  with 
carbonic  air,  and  the  ceffation  of  all  action 

">:  Notwithftanding  the  azotic  nature  of  the  blood  which 
the  pulmonary  arteries  return  to  the  lungs,  it  is  generally 
believed  that  it  is  employed  by  the  lungs  for  their  nourifh- 
ment  and  fupport.  This  idea  has  arifen  firft  from  this 
circumftance,  that  when  adhefion  of  the  lungs  to  the 
pleura  coftarum  has  taken  place,  the  veflels  between  both 
might  be  filled  by  injecting  the  pulmonary  artery.  It 
however  appears  moll  unphilofophical  to  me,  to  make  the 
phenomena  of  difeafe,  the  teft  of  what  takes  place  in  a 
(late  of  health,  when  we  know  fuch  a  teft  proves  the 
very  reverfe  of  it.  And  fecondly,  it  has  arifen  from  the 
fmall  fize  of  the  bronchial  arteries.  There  is  however  every 
rational  ground  to  believe  that  they  are  equal  to  the  tafk. 

ceafed, 
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ceafed,  much  more  fuddenly  than  by  the  mere 
exclufion  of  vital  air  *. 

Exper.  i.  Dr.  Girtanner  inje&ed  in  the 
jugular  vein  of  a  clog  a  fmall  quantity  of  car- 
bonic acid  gas.  He  became  fleepy,  died  in 
twenty  minutes,  and  the  blood  was  found 
black. 

Exper.  2.  He  injected  in  the  jugular  vein 
of  another  dog  a  fmall  quantity  of  azotic  gas. 
The  animal  died  in  twenty  feconds.  Upon 
opening  the  thorax,  pericardium  and  heart,  the 
blood  was  found  quite  black  alfo. 

I  have  already  written  lb  much,  that  I  am 
forry  to  fay  time  will  not  permit  me  to  extend 
the  remaining  part  of  this  work  as  I  firft  in- 
tended. Without  therefore  relating  the  different 
experiments  which  have  been  made  with  a  vievv 
of  afcertaining  the  quantity  and  quality  of  the 

*  How  dreadful  then  was  the  condition  of  thofe  con- 
fined in  the  black-hole  at  Calcutta,  who  fell  victims  to  the 
operation  of  foul  air  becaufe  the  Grand  iVfogul  was  not  to 
have  his  nap  difturbed  ! — and  more  recently  of  thofe  un- 
happy wretches  who  were  pent  up  in  a  fmall  veffel  from 
Jerfey  during  the  period  of  a  boifterous  night, and,  in  order 
that  they  might  be  preferved  from  the  danger  of  one  ele- 
ment, fell  miferable  yiclims  to  the  more  deadly  operation 
of  the  other  ! 

air 
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air  which  is  expired — I  fhall  merely  ftate  the 
general  fact,  that  carbonic  acid  gas  feems  to 
form  the  principal  matter  which  is  expelled  in 
union  with  a  fmall  proportion  of  nitrogen. 
It  is  probable  that  thefe  different  gafes  have 
in  combination  fome  of  the  moft  fubtle  parts  of 
the  machine,  in  a  dead  or  in  a  decompofed 
ftate. 

The  probability  I  think  is  increafed,  from  , 
the  noxious  and  deadly  effects  we  behold  fre- 
quently produced  by  the  inhalation  of  air  ex- 
pired from  the  human  body,  whilft  it  labours 
under  different  ftates  of  difeafe.  There  is 
every  reafonable  ground  to  fuppofe  that  thefe 
airs  are  the  media  in  which  are  involved  the 
poifons  of  mealies — of  catarrh — of  influenza — 
(a  modification  of  catarrh)  of  typhus  fever, 
and  of  plague  itfelf.  The  particular,  nature  of 
the  action  under  which  the  fyftem  labours, 
duringthe  exiftence  of  thefe  feveral  complaints, 
caufes  a  difference  in  the  mode  of  the  decompo- 
fition  which  the  body  undergoes.  It  is  pro- 
bably owing  to  the  variety  in  this  ftate  of  de- 
composition, that  poifons  have  particular  modes 
of  irritation  when  applied  to  another  fyftem, 

which 
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which  has  not  the  power  of  refilling  their 
operation*. 

*This  is  a  very  important  fubjecl:,  and  well  deferving  of 
confideration,  becaufe  it  becomes  a  queftion,  how  far  poi- 
fons  might  not  be  altogether  obviated  by  chemical  means, 
by  the  decompofition  of  thofe  vapours  which  are  either 
expired  from  the  lungs,  excreted  from  the  furface  of  the 
fkin,  or  that  are  given  out-  by  the  total  decompofition  of 
the  whole  fyftem  after  the  actions  of  life  have  eeafed. 
Improvements  in  this  prophylactic  branch  have  been 
made  by  the  late  Mr.  Howard,  "  a  friend  of  every  clime, 
a  patriot  of  the  world."  I  muft  refer  the  reader  to  his 
invaluable  work  on  lazarettos,  and  to  a  later  publication 
on  the  fame  fubjecl,  by  Dr.  Carmichael  Smith,  not  having 
leifure  to  go  into  the  fubje£t  at  prefent. 

I  muft  not,  however,  omit  relating  a  method  recom- 
mended by  Mr.  Baldwin,  the  Britifh  Conful  at  Alexandria 
in  Egypt,  for  the  cure  of  the  plague.  During  a  long  refi- 
dence  in'  that  country,  he  was  led  to  believe  that  the 
ufe  of  fweet  olive  oil  applied  to  the  fkin  might  prove  ufe- 
ful.  He  communicated  his  idea  to  the  Rev.  Dr.  Louis  De 
Pavia,  twenty-feven  years  agent  and  chaplain  to  St.  Antho- 
ny's hofpitalat  Smyrna, who  after  five  years  experience,  pro- 
nounced it  to  be  the  mo  ft  efficacious  remedy  hitherto  made 
ufe  of.  The  plan  is  briefly  as  follows  :  As  foon  as  aperfon 
is  affected,  he  muft  be  taken  into  a  clofe  room,  and  over  a 
brazier  of  hot  coals,  with  a  clean  fponge  dipped  in  warm 
olive  oil,  his  body  muft  be  very  biifldy  rubbed  over  for  the 
purpofe  of  producing  perfpiration.  During  the  friction, 
fugar  and  juniper  berries  muft  be  burned  in  the  fire,  which 

raife 
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raife  a  denfe  and  hot  fmoke,  that  contributes  to  the  effeft. 
The  friction  to  laft  four  minutes.  One  pound  of  oil  is  fuf- 
ficient.  Perfpiration  generally  enfues.  The  rubbing  ought 
again  to  be  repeated  every  day,  until  evident  fymptoms  of 
recovery  enfue,  taking  the  utmoft  care  to  guard  againft 
cold.  If  tumours  exilr.,  they  fhould  be  rubbed  over  alfo. 
The  molt  abftemious  diet  is  enjoined,  merely  of  vermicelli  - 
boiled  in  water.  Wine,  &c.  ftri£Hy  forbidden  for  forty- 
days.  There  is  no  inftanee  of  any  one  who  is  em- 
ployed in  the  a£t  of  rubbing  having  caught  the  contagion. 
Carefully  anointing  the  body  before  is  a  preventative  ;  and 
Mr.  Baldwin  declares,  that  amongft  upwards  of  one  million 
of  inhabitants  carried  off  by  the  plague  inUpper  and  Lower 
Egypt,  during  the  fpace  of  four  years,  he  could  notdifcover 
a  fingle  oilman,  or  a  dealer  in  oil. 
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CHAP.  XXI. 

ON  DEATH. 

Cat/fed  by  the  privation  of  living  energy — the  means  conjtjl 
in  the  aStion  of  the  excretory  organs  being  ftronger  than  that 
of  the  incretory — accompanied  by  a  total  ceffation  of  organic 
action.,  and  confitute  the  intermediate  fate  between  organic 
aclion  and  dij/b/ution. 

When  we  reflect  on  the  regular  feries  of 
progreffion,  perfection,  and  decay,  which  the 
animated  fyftem  generally  undergoes,  at  differ- 
ent periods  of  its  exigence ;  although  the 
mode  of  its  fubfiftence  on  things  from  with- 
out continues  for  the  molt  part  the  fame ; 
We  mull  be  led  to  conclude,  that  the  ac- 
tions of  the  different  organs  which  are  more 
immediately  fubfervient  to  the  evolution  and  ^ 
prefervation  of  the  fyftem,  lofe  the  energy  they 
pofleiTed  ;  whilft,  on  the  contrary,  the  actions 
of  the  excretory  organs  in  general  continue  in 
full  force  ;  and  that  it  is  by  the  weaknefs  of 
the  one  and  power  of  the  other,  that  natural 
death  is  produced. 

It  is  the  living  principle,  as  we  have  feen 
before,  in  which  the  form  and  model  of  every 
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corporeal  frame  refides,  and  which  becomes 
evolved  by  that  principle  imparting  to  the  blood 
it  receives,  the  chara&er  and  ihape  which  it 
eflentially  contains.  If  the  principle  of  life  were 
not  definite  in  its  eflence,  there  could  be  no 
reafon  for  living  beings  to  have  any  limitation 
in  their  growth :  fo  long  as  they  were  con- 
ftantly  fupplied  with  proper  nourifhment,  they 
might  grow  indefinitely  and  live  to  eternity. 
It  is  far  otherwife :  the  evolution  of  the  living 
principle  is  more  a&ive  in  the  fcetal  and  infant 
ftate,  than  at  the  period  of  youth ;  it  termi- 
nates when  that  of  manhood  arrives,  having 
then  attained  the  acme  of  its  perfection.  The 
means  by  which  it  is  attained,  is  from  the 
fupply  being  more  abundant  than  the  wafte. 
The  means  by  which  it  is  preferved,  is  by  the 
fupply  and  wafte  being  equally  balanced  :  and 
finally,  it  is  loft  by  the  wafte  being  greater  than 
the  fupply.    Hence  it  is  that  every  animated 
fyftem  is  eflentially  temporal  in  its  energy; 
and  the  various  parts  of  which  it  is  compofed, 
are  in  a  ftate  of  conftant  mutation  and  decay. 

If  the  actions  of  the  excretory  organs,  at  the 
firft  period  of  life,  were  equal  to  thofe  of  the 
incretory,  the  fyftem  would  remain  ftationary 
in  infancy,  as  it  does  at  the  period  of  manhood, 

vol.  11.  LI  without 
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without  ever  arriving  at  it.  And  if  the  action* 
of  the  excretory  organs  were  not  greater  in  old 
age,  than  in  infancy  and  manhood,  there  could 
be  no  diminution  in  the  fize  of  the  fyftem  ; 
the  whole  would  be  an  evergreen,  never  per- 
haps liable  to  perifh  or  decay.  But,  alas  !  this 
period  does  arrive  ;  it  is  brought  on  by  the  lofs 
of  the  balance  between  the  veffels  fubfervient  to 
the  growth  and  to  the  decreafe  of  the  fyftem. 
The  change  is  gradual,  but  it  is  conftant  and 
uninterrupted;  the  arteries  are  relatively  empty, 
and  the  veins  full,  with  relation  to  the  arteries. 
— All,  all  is  wafte  and  no  fupply  ;  the  different 
organs  lofe  the  power  which  they  originally 
poffefted,  of  imparting  any  vital  energy  to  the 
different  fubftances  that  are  applied  to  them, 
or  even  of  retaining  their  own  : — the  balance 
is  upfet,  and  both  fcales  are  put  into  one  ! ! ! 
So  that  when  the  powers  of  the  fyftem  become 
lb  far  exhaufted,  either  from  the  effects  of  dif- 
eafe,  or  the  preflure  and  infirmities  of  age,  a 
total  abolition  of  all  fenfe  and  fenfation,  of  all 
confcioufnefs  and  voluntary  power,  enfues ; — 
the  different  mufcles,  voluntary,  involuntary, 
and  mixed,  whofe  action  depended  on  the 
energy  they  ought  to  receive  from  the  brain 
and  nerves;  become  in  the  moft  perfectly  pa- 
ralytic 
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ralytic  ftate  that  can  be  conceived  or  defcribed. 
The  collapfed  ftate  of  the  lungs  prevents  the 
tranfmiflion  of  the  blood  from  the  right  to  the 
left  fide  of  the  heart,  fo  that  a  confequent  ac- 
cumulation takes  place  in  the  pulmonary  arte- 
ry, in  the  right  auricle-ventricle,  and  venous 
fyftem  ;  the  exhalant  termination  of  the  arteries 
becomes  relaxed  ;  and  inftead  of  efFufing  mere 
vapour  in  the  different  circumfcribed  cavities, 
viz.  ventricles  of  the  brain — pericardium — 
thorax — abdomen,  and  tunica  vaginalis,  fe- 
rous  fluid  is  found  to  have  been  depofited  in 
them*. 

The  different  fluids  which  were  contained 
either  in  the  gall-bladder,  or  bladder  of  urine, 
are  found  to  tranfude  through  their  pores,  in- 
ftead of  being  retained  :  and  inftead  of  fecre- 
tion  taking  place,  there  is  a  total  ceffation  of 
adion,  fo  that  that  condition  of  the  fyftem  is 
induced,  which  is  known  under  the  appella- 
tion of  death. 

Death  is  that  intermediate  ftate  between  the 

*  K  may  be  proper  here  to  mention,  that  by  opening 
living  animals,  thefe  different  cavities  are  found  totally 
deftitute  of  any  fluid— vapour  alone  conftituting  the 
medium  with  which  they  are  filled.  On  the  contrary, 
after  the  a&ions  of  life  have  ceafed,  theft  cavities  are  always 
found  to  abound  with  a  ferous  fluid. 

1  3  powers 
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powers  of  life,  when  they  are  difplayed  In  or- 
ganic adion,  and  the  cefiation  of  organicadion, 
to  the  final  diffolution  of  the  whole  machine 
into  its  conflituent  parts. 

Life  confifts  not  only  in  the  actual  prefence 
of  prefervation,  but  of  organic  action  alfo. 
Death  confifts  in  the  lofs  of  fpecific  adion, 
whilft  the  powers  of  prefervation  ftill  remain  ; 
but  diffolution  proceeds  from  the  total  lofs  of 
both,  not  only  of  organic  adion,  but  of  pre- 
fervation alfo,  and  is  accompanied  by  a  fepara- 
tion  and  decompofition  of  the  fyftem  altoge- 
ther into  its  conftituent  parts.  However  dif- 
ferent the  means  may  be  by  which  death  and 
diffolution  may  be  produced,  the  end  is  cer- 
tainly the  fame. 

Mr.  Hunter,  on  the  "contrary,  thought  that 
mortification  was  of  two  kinds ;  one  with, 
the  other  without  inflammation.  He  how- 
ever miftook  the  means  by  which  death  was 
produced  for  the  thing  itfelf.  The  death  of 
one  fyftem,  or  the  life  of  one  fyftem,  is  of  one 
kind  only.  There  are  various  means  by 
which  life  is  fupported,  and  there  are  various 
means  by  which  it  is  deftroyed.  But  one 
fyftem  has  one  life  only,  not  many  lives;  fo 
one  living  fyftem  can  only  have  one  death, 

not 
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not  many  deaths,  although  there  may  be  many 
different  modes  by  which  that  death  may  be 
produced  *. 


CHAP.  XXII. 


ON  DISSOLUTION,  CAUSED   BY  THE  ENERGY  OF 

NATURE. 

Nature  the  agent  by  which  it  is  caufed — putrefaBion  and 
fermentation  the  means'— a  total  decompaction  between  all 
the  parts — the  effect  produced  in  the  end — Nature  and  Life 
examined,  and  found  totally  oppofite  in  their  atlion  —  Life 
the  organizing— Nature  the  disorganizing  principle }  &c. 

Thus  then  it  appears,  that  fuch  is  the  tem- 
poral nature  of  all  generated  (animated)  beings, 
that  although  they  rife  to  perfection , by  employ- 

*  It  is  obferved  by  perfons  who  are  in  the  habit  of  at- 
tending executions,  that  the  penis  is  found  in  an  erected 
flate  after  ftrangulation  has  taken  place  :  and  I  was  in- 
formed by  a  general  officer,  who  ferved  laft  war  in  India, 
that  after  different  battles  which  had  been  fought,  he  went 
over  the  field,  and  was  much  furprifed  to  find  the  penes 
of  the  fepoys  who  were  killed,  erected  to  an  aftonifhing 
fize  (in  that  country  they  are  not  clad  as  we  are  in  Eu- 
rope). The  caufe  of  this  diftenfion,  I  imagine,  muft,  arife 
from  an  obftru&ion  of  the  blood  through  the  right  fide 
of  the  heart,  and  an  accumulation  taking  place  in  the 
whole  venous  fyftem. 

L  1  3  ing 


5  I  8       ON  DISSOLUTION  CAUSED  BY 


ing  the  various  fubftances  fubfervient  to  their 
ufe,  they  ultimately  verge  to  decay.  They 
verge  to  decay  as  foon  as  the  matter  which 
had  received  the  participation  of  life  ceafes  to 
retain  its  energy.  The  bond  of  their  elemen- 
tary parts  becomes  loofened  by  an  inteftine 
motion,  the  whole  organic  fabric  becomes  to- 
tally decompofed,  and  refolved  from  an  or- 
ganized to  a  diforganized  ftate,  and  finally  is 
reduced  from  a  dead  to  a  common  one*. 

Admitting  then,  that  it  is  by  the  participa- 
tion of  life  that  common  matter  is  made  liv- 
ing, and  that  it  conftitutes  the  bond  of  union 
between  its  various  parts, — does  it  not  appear 
reafonable  to  conclude,  that  there  mud  exift 
fome  active  agent  by  means  of  which  this  liv- 
ing matter  lofes  this  participation  of  life,  and 
through  whofe  power  vegetables  and  animals 
are  made  fevcrally  to  undergo  the  fpontaneous 
changes  of  fermentation  and  of  putrefaction  r 
It  is  thus  that  it  altogether  ceafes  to  continue 
under  the  particular  controul  of  the  living  prin- 

*  I  muft  requeft  that  the  reader  will  refer  to  vol.  i.  page 
31  to  page  35,  as  I  have  particularly  defcribed  the  pheno- 
mena that  take  place  during  the  procefles  of  diffblution 
or  decompofition,  and  which  it  is  very  material  to  com- 
prehend. 

2  ciple 
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ciple  to  which  it  originally  belonged,  and  then 
becomes  amenable  to  the  law  of  phyfics  in 
general. 

It  appears  very  probable  to  me,  that  that 
principle  which  we  call  nature,  conftitutes  the 
bond  of  the  elementary  parts  of  which  com- 
mon matter  is  compofed,  and  which  forms 
what  is  vulgarly  called  the  attraction  of  cohe- 
/ton ; — that  it  is  the  grand  agent  which  becomes 
the  efficient  caufe  of  the  fpontaneous  changes 
we  behold  in  different  fpecies  of  common  mat- 
ter; and  that  putrefaction  and  fermentation  are 
the  means  which  nature  employs  to  bring  back 
living  matter  to  a  common  (late. 

Nature  is  as  much  the  active  and  efficient 
caufe  of  the  various  phenomena  which  common 
matter  difplays,  as  the  principle  of  life  itfelf  is 
the  caufe  of  action  in  that  which  is  living.  Na- 
ture is  as  much  the  bond  between  the  different 
parts  of  which  common  matter  is  compofed, 
as  the  principle  of  life  is  the  bond  between 
the  various  parts  of  which  a  whole  living  fyf- 
tem  confifts.  Nature  is  the  caufe  of  cohefion 
in  common  matter.  Life  is  the  caufe  of  cohefion 
in  living.  Nature  is  the  active  and  general 
principle  by  which  common  matter  is  made  to 
act.    Life  is  the  active  and  particular  principle 

L  1  4  by 
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by  means  of  which  common  matter  is  feparated 
from  its  elementary  ftate ;  by  which  it  is 
changed  from  its  natural  condition,  and  com- 
pelled to  affume  the  particular  organized  form* 
that  are  imparted  to  it  by  the  various  living 
principles  with  which  the  univerfe  is  replete. 

The  principle  of  life  ads  upon  common 
matter,  feparates  it  from  its  elementary  ftate, 
and  imparts  to  it  properties  of  its  own  by 
means  of  which  its  paffive  or  natural  tendency 
is  overcome  :  and  thus  it  is  made  to  acquire 
the  particular  powers  of  the  animated  fyftem 
to  which  it  belongs;  an  infinite  variety  of 
action  is  produced,  and  no  correfpondence 
feems  to  exift  between  the  effect  and  the  caufe. 

The  difference  therefore  that  exifts  between 
the  action  of  life  and  of  nature  confifts  in  this  : 
the  firft  acts  upon  common  matter  to  make  it 
living,  the  laft  acts  upon  living  matter  to  make 
it  common.  Union  and  affimilation  are  the 
effects  ojf  the  one,  feparation  and  putrefaction 
are  the  effects  of  the  other.  The  action  of  life 
is  to  preferve  matter  in  an  organized  ftate — ■ 
the  action  of  nature  is  to  refolve  this  organized 
matter  into  a  common  one :  the  motion  of 
the  living  fyftem  has  remiilion,  and  is  move 
active  at  one  time  than  at  another;  the  mo- 
tions 
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tions  that  are  caufed  by  the  energy  of  nature 
on  matter  deprived  of  its  living  and  prefer- 
vative  powers  are  conftant  and  continued,  until 
the  whole  is  decompofed  into  its  conftituent 
parts. 

If  nature  and  life  are  examined  with  refpect 
to  the  extent  of  their  powers,  the  firft  will  be 
found  as  different  from  the  other  as  it  is  in  the 
peculiarity  of  its  action.  Nature  pervades  the 
whole  fyftem  of  the  univerfe,  extending  her 
energy  to  the  moft  minute  particles  of  matter. 
Life  is  limited  to  a  particular  fubject,  perfect 
only  when  forming  one  complete  fyftem.  Na- 
ture makes  parts  return  to  their  wholes  :  Life 
makes  a  whole  fyftem  only  from  various  parts. 

So  long  as  the  different  elements  of  which 
the  univerfe  is  compofed  occupy  their  proper 
and  fubordinate  fituations,  nature  continues  at 
reft.  On  the  contrary,  when  this  order  is  dis- 
turbed, whether  it  proceed  from  common  mat- 
ter having  been  feparated  from  its  elementary 
ftate,  and  made  living,  or  from  many  different 
fpecies  of  matter  combining  together ;  in  every 
cafe  whatever,  it  muft  be  confidered  as  a  dis- 
turbed and  a  violent  ftate,  and  the  various  phe- 
nomena of  elective  attraction,  and  of  fermen- 
tation, 
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tation,  putrefaction  and  gravitation  are  pro- 
duced. 

Putrefaction  and  fermentation  are  the  means 
which  nature  employs  to  bring  back  living 
matter  to  a  common  ftate*  Whilft  it  fubfifted 
in  a  living  condition,  k  was  wholly  fubfervient 
to  the  controul  of  the  living  principle  by 
whofe  power  it  had  been  organized,  and  was 
wholly  amenable  to  its  laws.  On  the  contrary, 
after  this  living  matter  has  been  decompofed 
by  the  procefles  of  fermentation  or  of  putre- 
faction, it  ceafes  to  continue  under  the  parti- 
cular controul  of  the  living  principle  to  which 
it  belonged,  and  becomes  amenable  to  the  laws 
of  phyfics  in  general.  It  obeys  the  laws  of 
chemical  attraction,  and  unites  with  matter, 
whofe  fenfible  qualities  are  different  from  thofe 
which  it  polTeiTes;  new  combinations  are 
formed,  and  the  various  fenfible  properties  are 
produced,  which'  we  behold  different  inani- 
mate bodies  feverally  polTefs. 

This  common  matter  not  only  obeys  the  laws 
of  chemical  attraction,  but  of  fpecific  gravity 
alfo;  it  either  rifes — remains  ftationary — or 
falls,  according  to  the  quantity  of  matter  which 
it  contains,  with  relation  to  the  medium  by 
which  it  is  furrounded  j  and  thus  it  is  that  it 

finds 
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finds. its  proper  level.  Chemical  union  and 
gravitation,  therefore,  aflift  in  completing  what 
putrefaction  and  fermentation  had  begun.  The 
final  caufe  which  nature  has  in  view,  is  to  pre- 
ferve  the  order  of  the  elements  of  which  the 
univerfe  is  compofed,  and  to  make  the  various 
parts  that  have  been  feparated  from  their  fource 
return  to  them.  ■ 

It  is  with  a  view  of  examining  the  particu- 
lar qualities  which  bodies  have  attained  by 
thefe  various  changes,  that  the  fcience  of  che- 
miftry  is  defigned  ;  a  fcience  that  has  contri- 
buted as  much  to  the  advancement  of  the  arts, 
and  the  corporeal  comforts  of  human  life,  as 
the  fcience  of  mind  has  to  the  inveftigation 
of  principle  and  the  eftablifhment  of  truth. 
Such  is  the  regularity  that  exifls  in  the  opera- 
tions of  nature  on  common  matter,  that  the 
various  changes  which  different  bodies  under- 
go, are  uniformly  the  fame,  when  the  circum- 
flances  are  alike  in  which  they  are  placed  ;  fo 
that  an  experienced  chemift  can  tell  a  priori 
what  mail  be  the  refult. 

But  chemiftry  does  only  in  detail  what  na- 
ture does  in  the  grofs.  The  wonderful  phe- 
nomena that  are  produced  by  natural  means, 

attend 
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and  the  ftability  and  uniformity  that  invariably 
attend  them,  imprefs  the  mind  with  awe  and 
admiration;  they  difpofe  it  to  fearch  into  the 
attributes  of  Deity  itfelf, — of  that  infinite 
wifdom,  which  employs  different  fubordinate 
and  inftrumental  agents  in  the  government 
of  the  world,  where  all  is  regularity  without 
apparent  defign,  all  action  in  matter  that  is  en- 
dowed with  total  paflivity. 

When  we  reflect  on  the  various  agents 
which  the  principle  of  life  evolves,  with  a 
view  of  preparing  different  fubftances,  and 
fitting  them  to  receive  the  participation  of  the 
power  of  particular  organs,  we  fhall  be  led  to 
admit  the  truth  of  that  important  axiom  I  have 
already  mentioned,  ^uidquid  recipitur^  recipi- 
tur  in  modum  rectpientis.  We  mail  do  more : 
we  mall  apply  it  to  the  agency  of  nature  upon 
common  matter,  and  admit  that  nature  exifts 
as  the  inftrumental  caufe  which  the  Deity  em- 
ploysfor  the  phyfical  government  of  the  world, 
by  means  of  which  the  parts  are  united  in  one 
whole,  and  through  whofe  power  the  various 
phenomena  are  produced. — Between  common 
matter,whichisinfinitelydivifible,andtheDeity, 

which  is  totally  indivifible — between  matter 

which 
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which  is  totally  imbecile  and  inert,  and  Deity, 
which  is  eflentially  intelligent  and  active,  Na- 
ture cxifts  as  the  connecting  medium  between 
both,  which  being  eflentially  proximate  to 
common  matter  in  general  by  which  it  is  re- 
ceived, and  through  which  it  acts,  is  confe- 
quently  infeparable  from  it — participating  in 
fome  degree  a  divifible  and  material  nature, 
by  the  quality  of  the  matter  by  which  it  is 
received — as  it  does  an  incorporeal  and  an  in- 
divifible  one  from  the  Deity  itfelf,  of  which 
it  is  an  emanation  *f 

*  I  know  perfectly  well,  that  thefe  obfervations  will  be 
confidered  by  fome  as  merely  vifionary  and  fpeculative, 
having  no  exiftence  in  truth  or  in  fact.  I  can  only  fay, 
that  I  am  convinced  to  the  contrary,  and  that  I  have  the 
authority  of  fome  of  the  wifeft  and  beft  men  both  in  an- 
cient and  even  in  modern  times.  That  great  and  good  man 
Bifhop  Newton  fays,  "  It  is  certain  that  the  philofophy  of 
the  age  attributes  too  much  to  matter  and  the  powers  of 
matter,  and  too  little  to  fpirit ;  whereas,  in  reality,  the  one 
is  never  more  than  an  inftrument ;  the  other  is  always 
the  agent.  The  principle  of  gravitation  itfelf,  anfwering, 
as  is  very  well  known,  not  to  the  furface  of  bodies,  but  to 
their  folid  content,  cannot  poffibly  be  accounted  for  by 
any  action  of  matter  upon  matter  ;  but  muft  of  neceffity 
be  rcfolved  into  fome  immaterial  caufe,  that  penetrates  the 
inmoft  fubftances  of  things,  and  exerts  a  power  of  which 
matter  is  altogether  infenfible."    Bi/fjop  Newton. 

Nature 
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Nature  works  as  it  were  perpetually  with 
out  fatigue, — preferves  and  reftores  order  and 
iubordination  in  common  matter  without  fo- 
reign afliftance  or  defign.  On  the  contrary, 
the  powers  of  all  animated  beings  are  exhaufted 
by  their  work  ;  they  are  indigent  of  a  iubjedl 
foreign  to  themfelves  ;  and  after  having  at- 
tained their  ftate  of  perfection,  they  perpetually 
verge  to  decay.  Whilfr.,  therefore,  we  witnels 
the  ifolated  ftate  and  impotent  power  of  all 
animated  fyftems  in  common  with  thofe  of* 
man,  not  only  finite  in  power,  but  finite  in 
number,  temporal  in  their  energy,  helplefs,  in- 
finite !  we  behold  the  regular  and  extended 
operations  of  nature  in  an  uninterrupted  feries 
—the  changes  of  day  and  night,  fummer  and 
winter,  and  all  the  different  phenomena  which 
the  univerfe  difplays.  It  was  with  a  view  to 
this  I  faid,  *  rt  that  the  fyftem  of  nature 
is  a  fyftem  founded,  on  fymmetry  and  or- 
der, and  governed  by  general  laws ;  that 
thefe  laws  are  all  fubfervient  to  the  preferva- 
tion  of  this  economy,  and  that  the  objects 
dependent  on  this  economy  are  the  elements. 

*  Vide  my  Trentife  on  the  Proceflion  of  the  Element?. 

Thefe 
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Thefe  elements  proceed  from  the  moft  excel- 
lent and  rare  to  the  moft  indigent  and  folid. 
Although  the  different  elements  are  at  prefent 
combined  and  united  ;  there  can  he  no  doubt 
that  the  combination  of  the  parts  has  a  reference 
to  the  original  elements  from  which  they  pro- 
ceed ;  that  thefe  elements  are  wholes  with  re- 
fpect  to  parts ;  and  that  the  principle  which 
governs  thefe  parts,  has  for  its  object  the  pre- 
fervation  of  the  order  and  gradation  of  the 
whole"    It  appears  very  evident  indeed,  that 
there  is  a  regular  gradation  in  the  elements 
of  this  fenfible  univerfe,  and  that  velocity 
of  motion  is  as  inherent  in  light,  as  total 
paffivity  is  the  inherent  attribute  of  earth. 
Between  thefe  water  and  air  exift,  concatenat- 
ing the  two  extremes  and  uniting  all  the  parts 
in  one  whole.    Nature  is  the  efficient  caufe,  as 
we  have  feen  before,  by  which  this  fymmetry 
is  preferved  ;  it  fuperintends  the  phenomena 
of  the  material  world,  governs  by  general  and 
unerring  laws  the  different  elements  of  which 
it  is  compofed,  preferves  the  order  and  fubor- 
dination  of  the  whole,  by  making  the  parts 
return  to  their  original  elements  after  the  end 
is  accomplifhed  for  which  they  were  fepa- 

rated. 
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rated.  It  makes  them  return  to  that  extended 
iubftance  that  is  deprived  of  all  power  and  of 
all  action  ;  that  is  imbecile  and  inert ;  that  is 
formlefs  and  motionlefs ;  that  moves  becaufe  it 
is  moved  ;  that  acts  becaufe  it  is  acted  upon  ; 
that  becomes  figured  becaufe  it  receives  im- 
preffions  from  fome  external  agent. 

It  is  by  tracing  the  fyftem  of  the  univerfe 
from  things  belt,  to  things  worft  ;  from  anU 
mated  beings  to  fuch  as  are  inanimate ;  from 
the  agent  to  the  patient ;  from  the  caufe  to  the 
infinity  of  its  effects  ;  from  things  compofite 
to  things  fimple  ;  that  we  ultimately  arrive  at 
the  contemplation  of  that  primary  and  ele- 
mentary matter,  of  which  the  whole  of  the 
univerfe  is  compofed  and  filled. 

This  primary  matter  is  truly  elementary 
with  regard  to  figure  and  form  :  if  it  poflefTed 
any  particular  form,  it  would  be  unfit  to  re- 
ceive the  impreflions  that  are  imparted  to  it. 
Hence  it  is  in  its  nature  formlefs  ;  it  bears  the 
fame  relation  to  figure,  that  the  paper  on 
which  I  write  does  to  the  letters  I  am  writing. 
If  the  paper  pofiefTed  any  particular  colour  or 
figure,  it  would  be  unfit  to  receive  the  imprei- 
fipns  I  am  now  ftamping  on  it.  It  is  by  vir- 
tue 
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tue  of  this  total  privation  of  all  particular 
quality,  that  it  poiTelTes  the  general  aptitude 
'of  receiving  all  qualities  : — any  individual  qua- 
lity it  might  retain  would  diminifh  the  apti- 
tude it  has  of  being  a  general  recipient  of  all. 

Every  quality  is  power  in  a  certain  refpedt, 
land  this  quality  would  give  it  the  power  of 
refiftance,  fo  that  other  qualities  could  not  be 
received  without  the  departure  of  the  original. 
If  this  were  poflible,  two  things  could  exift  in 
the  fame  fubject  together,  in  the  fame  place  at 
one  and  the  fame  time.    Hence  we  fee  the  ne- 
ceflity  of  the  exiftence  of  fimple  elementary 
matter  prior  to  fuch  as  is  organized  a,nd  com- 
pofed.    Blood  bears  the  fame  relation  to  the 
organs  as  elementary  matter  does  to  compo- 
fite — it  poiTelTes  aptitude  alone,  and  no  parti- 
cular power.    It  therefore  is  wholly  fubfer- 
vient  to  the  action  of  the  organs,  and  by  them 
becomes  organized.  It  is  the  fame  with  voice, 
which  poiTeiTing  no  other  quality  than  the  ge- 
neral one  of  found,  becomes  fitted  to  be  har- 
monized by  the  particular  organs  of  fpeech ; 
and  hence  it  is  that  language  is  produced  *. 


*  Since  then  we  mult  allow  that  fimple  matter  had  an, 
vol.  ii.  M  xn  exiftence 
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cxiftence  prior  to  that  which  is  compofite,  it  follows,  that 
all  the  matter  we  now  behold  in  a  compounded  and  com- 
bined form,  although  compofed  from  primary  matter,  is 
not  in  its  elementary  ftate.  Elementary  matter  conftitutes 
the  wh©le  in  its  moft  fimple  and  original  form,  and  orga- 
nized matter  proceeds  from  fimple  matter  in  its  moft  com- 
plicated (late.  Elementary  matter  is  the  whole,  and  or- 
ganized matter  parts  of  that  whole.  The  whole  there- 
fore comprehends,  and  the  parts  are  comprehended.  If 
the  parts  exifted  before  the  whole,  the  effect  would  be 
better  than  the  caufe,  the  parts  would  comprehend,  and  the 
whole  be  comprehended.  It  might  as  well  be  faid,  that 
the  different  organs  of  man  were  firfl:  formed  before  the 
power  that  formed  th&m. 


CHAP. 
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different  /pedes — the  caufe  of  eletlive  attracJion-— 
the  fun  the  fountain  of  light,  neither  hot  nor  cold — by  its 
combination  with  opaque  matter  heat  is  produced-— comets 
very  numerous  t  £sV. 

Vain  were  the  attempts  to  fearch  for  the 
elementary  properties  of  common  matter  in  a 
region  like  that  in  which  we  refide,  where 
all  is  mixture  and  confufion  ;  where  corrup- 
tion is  the  neceflary  confequence  of  animation, 
and  animation  itfelf  is  fed  by  the  materials 
which  proceed  from  the  corruption  and  de- 
compofition  of  bodies  that  were  once  ani- 
mated. 

By  the  efforts  of  the  chemifts,  of  thofe  emi- 
nent men  that  have  analyfed  as  far  as  they 
were  capable  the  moft  minute  particles  of 
matter,  who  have  afcertained  the  order  of 
their  affinities  and  fpecific  gravities,  and 
who  by  diligence  and  zeal  have  contributed 

M  m  2  in 
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in  a  very  diftinguiftied  degree  to  improve  the 
arts,  and  fupply  the  various  corporeal  comforts 
of  human  life,  the  general  qualities  of  mat- 
ter have  been  afcertained.  None  I  believe 
have  however  pretended  to  affirm,  that  they 
have  yet  difcovered  what  was  the  elementary 
conftituent  of  any  one  fpecies  of  matter.  It 
is  from  the  neceflity  of  its  exiftence,  more  per- 
haps than  from  any  particular  attribute  we 
know  it  poffeffes,  that  we  are  led  to  conclude, 
that  matter  of  a  pure  elementary  nature  has  an 
actual  fubfiftence. 

"  Although  the  different  elements  are  at 
prefent  combined  and  united,  there  can  be  no 
doubt,  that  the  combination  of  parts  has  a  re- 
ference to  the  original  elements  from  which 
they  proceed  ;  that  thefe  elements  are  wholes, 
with  refpeel:  to  parts  ;  and  that  the  principle 
(Nature)  which  governs  thefe  parts,  has  for 
its  object  the  prefer vation  of  the  order  and 
gradation  of  the  whole." 

Elementary  matter  of  different  kinds 
feems  abfolutely  neceffary,  to  preferve  the 
regular  gradation  that  exifts  between  the 
different  parts,  in  order  to  perfect  the  uni- 
verfality  of  the  whole.  Admitting  this  ne- 
ceflity, 
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ceflity,  we  may  conclude  that  the  original 
elements  are  homogeneous  in  their  nature,  pre- 
ferving  a  certain  relation  to  each  other,  which 
permits  the  mutual  union  of  each  proximate 
element  without  violence  :  thus  we  find  light 
and  air-^air  and  water — water  and  earth,  all 
feparately  uniting  in  amicable  conjunction. 
And  as  the  gradation  of  thefe  elements  proceeds 
from  the  moft  rare  to  the  moft  folid ;  light 
ranks  as  the  firft  element,  and  earth  as  the  laft. 
Whenever  thefe  extreme  parts  unite  by  the  dif- 
pofleiTion  of  the  intermediate  element,  violence 
is  the  confequence.    It  is  on  this  principle  that 
the  doctrine  of  chemical  or  elective  attraction  is 
founded.  It  depends  not  on  the  homogeneous 
quality,  .but  on  the  contrariety  that  fubfifts  be- 
tween oppofite  and  extreme  bodies.    The  de- 
gree of  purity  of  one  element,  and  the  degree 
of  impurity  of  another,  is  the  law  upon  which 
it  i$  founded.    It  is  owing  to  the  operation  of 
this  law,  that  the  matter  of  light  in  union  with 
atmofpheric  matter  produces  the  matter  of 
heat. 

That  the  fun  is  the  fource  from  whence  the 
matter  of  light  immediately  proceeds,  is  evi- 
dently proved,  from  the  illumination  it  im- 

M  m  3  parts 
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parts  to  our  organs  of  fight  ;  and  from  the 
profound  darknefs  in  which  we  are  involved, 
when  we  arc  removed  from  the  influence  of  its 
rays. 

The  fun  is  not  only  the  grand  fountain  of 
light,  but  it  appears  to  be  one  of  the  principal 
agents  in  the  production  of  heat.    That  this 
is  the  cafe,  is  proved  by  comparing  the  tem- 
perature of  different  latitudes,  and  different  de- 
grees of  altitude  of  the  fame  latitude,  with,  each 
other.  A  lthough  the  temperature  of  the  air,when 
meafured  on  the  furface  of  the  plain  under  the 
line,  is  totally  different  from  the  temperature 
of  the  plain  at  the  poles,  if  it  be  meafured  at 
certain  diftances  from  the  plain,  as  on  the  fum- 
mit  of  the  moft  lofty  mountains,  yet  the  tem^ 
perature  in  all  latitudes  at  top  is  precifely  the 
fame,  and  all  are  there  found  to  be  moft  in- 
tenfely  cold.    It  is  the  cafe  with  the  fummit 
of  the  Andes,  fituated  immediately  under 
the  line,  with  the  Cordeleras,  the  Alps  and 
Appenines-^-the  Peak  of  TenerhT,  and  in  fhort, 
of  all  mountains  of  considerable  altitude.  Al- 
though the  temperature  on  the  plain  is  intenfely 
hot  in  all  thefe,  it  perpetually  decreafes  in  its 
afcent,  until  the  cold  is  found  fo  excefhve  as 

to 
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to  be  unfit  for  the  exiftence  of  human  life,  and 
can  only  be  apprehended  by  the  vaft  coverings 
of  fnow  with  which  thofe  mountains  are  per- 
petually coated. 

If  the  fun  therefore  were  efTentially  hot, 
(per  fe)  and  the  matter  of  heat  the  fame  as  the 
matter  of  light,  it  muft  evidently  follow  that  the 
degree  of  heat  would  increafe  in  proportion  as 
the  fun  was  approached,  It  ought  therefore  to 
be  colder  and  darker  on  the  plain,  than  on  the 
fummit  of  lofty  mountains,-^-hotter  and  more 
light  on  the  moft  lofty  fummit  of  the  moft 
lofty  mountain  than  on  the  plain.  It  is  far 
otherwife.  It  is  lighter,  but  colder,  at  top  than 
at  bottom  ;  darker,  but  hotter,  at  bottom  than 
at  top.  The  pure  matter  of  light  therefore  is 
not  the  fame  as  the  matter  of  heat,  although 
©ne  of  the  conftituent  parts  for  its  production. 
The  quedion  then  is,  How  does  the  matter  of 
light  produce  the  matter  of  heat  ? 

Having  already  difcuffed,  and,  I  confefs  my- 
felf  vain  enough  to  believe,  afcertained  the 
caufe  of  heat,  I  muftreferthe  reader  to  my  Trea- 
tife  on  the  Proceffion  of  the  Elements,  which 
contains  the  difcuffion  of  the  fubje£t.  I  do  not 
arrogate  to  rnjfelf  the  merit  of  having  been  the 
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firft  man  that  ventured  to  overturn  the  New- 
tonian hypothefis,  which  afferts  the  fun  to  be 
a  ball  of  fire,  and  all  the  different  heavenly 
bodies  inert  mafTes  of  folid  earth  like  our  own. 
I  think  it  however  a  juftice  I  owe  myfelf,  to 
ftate,  that  various  circumftances  have*  arifen 
fmce  the  publication  of  that  work,  to  confirm 
me  in  the  opinion  I  therein  advanced,  viz, 
that  the  fun  was  neiiher  hot  nor  cold,  but  wasi 
conftituted  of  pure  matter  of  light  only.  That 
the  rays  which  perpetually  emanate  from  the 
fun  as  their  fource,  conftitute  the  pureft  fpe-* 
cies  of  matter  of  which  we  have  any  conception 
or  knowledge.  That  as  they  proceed  from 
the  fun,  they  are  perpetually  combining  with 
the  opake  or  atmofpheric  matter  with  which 
they  come  in  contact,  producing  the  various 
phenomena  of  comets,  meteors,  lightning,  at- 
mofpheric and  culinary  heat.  It  is  by  a  che^ 
mical  union  of  this  matter  of  light  with  at- 
mofpheric matter,  that  heat  is  generated.  The 
pure  matter  of  light,  or  folar  rays,  I  conceive, 
constitutes  the  caloric  of  the  prefent  chemifts. 
It  is,  I  prefume,  by  the  combination  of  this 
caloric,  not  by  the  decompofition  of  it,  that 
fenfible  heat  or  fire  is  produced,-  poffefling 
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properties  in  its  combined  flate  very  different 
from  what  it  did  in  its  fimple  one.  In  its  pure 
or  uncombined  flate,  it  is  what  is  called  latent 
heat:  in  its  compound  or  combined  flate,  it  is 
called  fenfible  heat. 

I  mud  further  add,  that  in  that  work  I  ad- 
vanced it  as  my  opinion  that  comets  were 
bodies  deflined  to  confume  any  opaque  or  at- 
mofpheric  matter  that  may  have  infinuated  itfelf 
beyond  its  proper  region  ;  fo  that  they  form 
the  boundaries  or  lines  of  demarcation,  by 
means  of  which  the  matter  of  one  fyftem  is 
prevented  from  interfering  with  that  of  the 
other.  I  pointed  out  the  evils  that  would  ne- 
ceffarily  arife  if  fuch  bodies  as  comets  did  not 
exift :  viz.  not  only  that  the  upper  region 
would  either  be  a  region  of  darknefs  or  of  fire  ; 
but  that  the  medium  in  which  the  various 
planets  moved,  would  be  rendered  of  different 
degrees  of  denfity  at  different  times: — and 
thus  it  would  happen,  that  the  variety  of  re- 
finance in  this  medium  would  interfere  with 
the  regularity  in  the  motion  of  the  planets. 
Forefeeing  thefe  confequences  as  inevitable,  I 
ventured  to  affert,  that  comets  were  bodies  that 
univerfally  abounded  in  the  upper  regions,  or 

in 
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in  the  inferior  part  of  the  medium  of  light ; 
that  it  was  only  a  proof  of  the  infuffici- 
ency  of  ccular  obfervation,  that  they  were 
fo  feldom  difcovered ;  and  that  there  was 
an  abfolute  neceffity  for  the  exiftence  of  co- 
mets of  different  claries  that  defcribe  different 
orbits,  and  make  their  appearance  at  different 
times*. 

I  publifhed  this  book  in  the  month  of  Ja-> 
nuary  1795.    In  the  firft  part  of  the  Philo- 
lophical   Tranfa&ions    of   the   fame  year, 
and  which  was  publifhed  in  the  month  of 
July,  there  is  a  long  paper  in  it  written  by 
Dr.  Herfchel ;  whofe  name  it  is  only  necefTa- 
ry  to  mention  to  give  authority  to  whatever 
he  advances.    In  that  paper  there  are  a  va-- 
riety    of  fads,    with  refpect  to    the  fun, 
which  I  had  already  advanced,  and  with  re^ 
fpe£t  to  comets.    Of  thofe  bodies,  that  I  for- 
merly understood  were  limited  by  aftrono- 
mers  to  nine,  but  which  I  afferted  were  nu- 
merous, Dr.  Herfchel  fays  :     Many  of  the 
operations  of  Nature  are  carried  on  in  her 


*  Page  233--234-  Sec  Chapter  on  Comets,  from  page 
229  to  page  250. 
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great  laboratory  in  a  manner  which  we  cannot 
comprehend ;  but  now  and  then  we  fee  fome 
of  the  tools  with  which  lhe  is  at  work.  We 
need  not  wonder,  that  their  conftru&ion  mould 
be  fo  fingular  as  to  induce  us  to  confefs  our 
ignorance  of  the  method  of  employing  them  ; 
but  we  may  be  aflured  that  they  are  not  a  mere 
lufus  naturse.    I  allude  (the  Doctor  goes  on  to 
fay)  to  the  great  number  of f mall  telefcopic  comets 
that  have  been obfcrved,  and  to  the  far  greater 
number  fill  that  are  probably  much  too  fmall 
for  being  noticed  by  our  mojl  diligent fe archers 
after  them.    Thofe  fx  for  injlance  which  my 
Jijler  has  difcovered,  I  can  from  examination 
affirm,  had  not  the  leaf  appearance  of  any  folid 
nucleus,  and feemed  to  be  mere  cqllcclions  of  va- 
pours condenfed  about  a  centre.    Five  more  that 
I  have  obferved  alfo,  were  nearly  of  the  fame 
nature.     This  throws  a  my  fiery  over  their  def- 
t  in  at  ion,  which  feems  to  place  them  in  the  alle- 
gorical view  of  tools,  probably  defgned  for  fome 
falutary  purpofes  to  be  wrought  by  them ;  and 
whether  the  refioration  of  what  is  loft  to  the 
fun  by  the  emiffion  of  light,  the  pofiibility  of 
which  we  have  been  mentioning  above,  may  not 
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be  one  of  the  purpofes,  IJhall  notprefume  to  dc- 
t  ermine"  Sec.  &c. 

I  refped  Dr.  Herfchel  too  much  to  accufe 
him  directly  of  plagiarifm.  It  is,  however,  a 
little  extraordinary  that  this  paper  mould  have 
been  prefented  to  the  Royal  Society  a  few 
months  only  after  my  book  was  publifhed,  in 
which  the  Doctor  afcribed  to  lightning,  me- 
teors, comets,  the  very  ufe  which  I  had  done 
before — that  I  mould  affert  the  neceflity  of 
their  exiftence,  and  that  the  Po&or  mould 
afterwards  declare  that  he  faw  them,  and  was 
of  my  opinion  (without  mentioning  it); — ■ 
that  they  exifted  more  generally  than  we 
were  able  to  difcover  j— -that  they  were  com- 
pofed  of  the  fame  kind  of  matter  as  I  had  avert- 
ed, and  defigned  for  the  fame  ufe.  Without 
wifhing  even  to  fufpecl.  that  Dr.  Herfchel  had 
ever  feen  my  book,  I  think  it  juft  to  fay,  that 
the  truth  of  my  hypothefis  is  ftrengthened  by 
Dr.  Herfchel' s  opinion,  and  confirmed  by  h)s 
difcoveries.  The  quantity  of  rain  that  has  fal- 
len during  this  fummer,  is  nothing  elfe  than 
might  have  been  expe&ed  from  the  operation 
of  the  comet  that  we  have  lately  feen.  The 
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clafticity  of  the  air  in  the  upper  region,  has  no 
doubt  been  confiderably  diminiftied,  and  its 
power  alfo  of  fufpending  water ;  and  hence 
the  caufe  why  we  have  had  fuch  inceflant 
rains,  the  effects  of  which  have  been  felt  from 
the  fpring  to  the  prefent  day. 

The  officer  who  has  the  care  of  the  tele- 
graph at  the  Ifle  of  Wight,  and  who  keeps  a 
regifter  of  the  weather,  obferved,  that  there 
have  been  only  nine  days  fucceffively  without 
rain,  from  the  25th  of  March  to  the  25th  of 
October ;  and  during  the  month  of  Novem- 
ber to  the  prefent  day,  the  18th  of  Decem- 
ber, we  have  fcarcely  had  one  continued  day 
of  dry  weather. 

It  was  my  intention  to  have  inveftigated 
the  Newtonian  laws  of  Nature;  but  fuch 
is  the  magnitude  to  which  this  volume  is 
fwelled,  that  I  am  compelled  to  defer  it 
to  fome  future  opportunity.  I  mall  there- 
fore confine  myfelf  to  give  an  arrangement 
of  the  different  fpecies  of  matter ;  but  muft 
refer  the  reader  to,  Dr.  Babington's  Syste- 
matic Arrangement  of  Minerals,  whofe  ex- 
tenfive  knowledge  of  chemiftry  is  equalled  by 
few  and  excelled  by  none.  That  arrangement 
is  founded  on  the  joint  confideration  of  their 
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chemical^  phyiical  and  external  characters,  re- 
duced to  the  form  of  tables,  and  exhibiting  the 
analyfis  of  fuch  fpecies  as  have  hitherto  been 
made  the  fubject  of  experiment* 


C  H  A  P-  XXIV. 
6p  THE  arrangement  of  different  specie^ 
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CLASS  It 

i.  PlJRE  solar  rays.  Matter  of  light ^ 
called  by  the  French  chemifts  lum'iere,  and 
which  I  conceive  to  be  fynonymous  to  the  ca- 
loric of  the  prefent  day,  in  its  pure  and  tin- 
combined  flate. 

2.  Oxygen  gas,  compofed  of  caloric  in; 
combination  with  other  bafes,  is  obtained  in  a 
feparate  ftate  from  metallic  oxyds  and  comj 
pounds  of  the  nitric  and  other  acids,  by  the 
application  of  heat. 

3.  Azotic  gas,  or  nitrogene,  obtained 
in  its  pureft  ftate  from  a  mixture  of  oxy-mu- 
riatic  acid  and  ammoniacal  gafes. 

4.  Hydrogen  gas,  or  inflammable 

AIR,i 
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AIR,  is  found  difengaged  in  coal  mines,  on  the 
furface  of  ftagnant  waters,  rifing  through  the 
waters  of  particular  fprings,  and  is  obtained 
from  the  diftillation  of  matter  of  an  animal, 
vegetable,  and  bituminous  kind. 

5.  Carbonic  acid  gas,  or  fixed  air. 

6.  Atmospherical  air.  By  analyfis 
and  fynthefis  the  inferior  ftratum  is  found  to 
be  compofed  of  two  parts,  viz.  of  oxygene 
and  nitrogene  gas.  It  is  however  fubjecl:  to 
fuch  various  viciffitudes,  that  no  doubt  can 
exift  but  that  there  are  other  bodies  in 
union  with  it,  either  diiTolved  or  mechani- 
cally diffufed. 

7.  Hepatic  air. 

CLASS  II.    Of  Fluids. 

1.  Alcohol,  phofphorus,  eiTential  and  unctu- 
ous oils,  balfams,  fat,  butter,  &c.  &c.  &c. 

2.  Water.  Suppofed  to  be  compofed  of 
oxygene  and  of  hydrogen  gas. 

2d  Genus.  Acids  are  diftinguimable  by 
being  four  to  the  tafte,  changing  vegetable 
blue  colours  to  a  red.  They  may  be  divided  in- 
to three  orders — into  the  animal y  vegetable,  and 
mineral,  according  to  the  fource  from  whence 
they  are  moft  abundantly  obtained. 

The 
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The  animal  acids  are  the  phofphoric^ 
laclic,  faccharo4a&ic,  formic  ^febacic^  lithic  and 
bombic. 

The  vegetable  acids  are  the  acetic,  tar- 
tareous,  pyro-tartareous,  oxalic,  gallic,  citric, 
malic,  benzoic,  pyro-ligneous,  pyro-mucous, 
and  camphoric. 

The  mineral  acids  are  the  fulphurie,  ni- 
tric, muriatic,  carbonic,  fluoric,  boracic,  fuc- 
cinic,  arfenic,  tungftenic,  and  molybdenic. 

CLASS  III.    Of  Solids. 

Genus  I.  Alkaline  falts — chara&eriftics — 1 
diftinguifhed  by  being  of  a  pungent,  lixivial, 
or  Urinous  tafte,  and  changing  mod  vegetable 
blue  colours  to  green,  and  many  of  the  yellows 
to  brown.  They  are  divided  into  Jixed  and 
volatile  \  the  fixed  are  fubdivided  into  t)ege~ 
table  and  mineral. 

Species  i.  Vegetable  alkali.  Pot- 
ash. It  appears  to  be  a  conftituent  part  of 
moft  vegetable  fubftances,  and  is  obtained  from 
carbonate  of  potafh  by  treatment  with  lime. 

2.  Mineral  alkali.  Soda.  Is  found  in 
great  abundance  in  the  animal  kingdom,  par- 
ticularly in  combination  with  muriatic  acid, 

obtained 
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obtained  in  a  feparate  form  from  carbonate 
of  foda,  by  means  of  lime. 

3.  Volatile  alkali  (ammoniac)  obtained 
From  the  decompofition  of  muriate  of  ammo- 
niac by  potafli,  foda,  or  lime. 

CLASS  IV.  Inflammable  bodies  ob- 
tained FROM  THE  VEGETABLE  KING-. 
DOM. 

Hydrogene  gas,  alcohol,  bituminous  bodies 
! — and  are  either  liquid,  and  deftitute  of  co- 
lour, as  naphtha ;  or  more  or  lefs  liquid,  and 
of  a  dark  colour,  as  petroleum,  Barbadoes  tar; 
or  folid  black,  and  of  a  compact  or  flaty 
texture,  as  afphaltum,  jet,  coal,  charcoal :  they 
appear  from  a  variety  of  circumftances  to  be 
of  a  vegetable  origin,  as  well  as  amber. 

Genus  2.  Inflammable  bodies  ob- 
tained FROM  THE  ANIMAL  KINGDOM.  

Phofphorus,  hydrogene  gas,  unduous  and 
elTential  oils,  butter,  fat,  bees-wax,  fpermaceti, 
balfams  and  refins  obtained  from  the  decom- 
pofition of  both  animal  and  vegetable  matter. 
Camphor. 

3.  Inflammable  bodies  obtained 
vol.  11.  N  n  from 
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FROM  THE  MINERAL  REPUBLIC.  Sulphur, 

plumbago,  the  diamond,  &c.  &c* 

CLASS  V.    Of  Metals. 

Metals  are  diftirtguifhed  by  their  weight, 
opacity  and  fplendour  alfo  remarkable  for 
their  power  of  concluding  the  ele&rical  fluid. 
They  are  prefented  to  us  by  nature  under  dif- 
ferent forms,  i  ft.  Native,  i.  e.  when  in  pof- 
feflion  of  the  properties  juft  mentioned.  2d. 
Oxydated  in  union  with  oxygene.  3d.  Saline* 
or  united  with  one  or  other  of  the  acids.  4th. 

*  From  fome  late  obfervations  on  the  mufcles  of  differ- 
ent animals,  it  is  found,  by  expofure  to  a  current  of  wa- 
ter for  a  confidefable  time,  that  they  become  converted 
into  a  fubftance  fomewhat  fimilat  to  fpermaceti.  Mr. 
Gibbs,  an  ingenious  furgeon  at  Bath,  has  given  in  a  paper 
to  the  Royal  Society  upon  the  fubjec~t. 

It  has  been  discovered  alfo,  that  the  mufcles  of  the  hu- 
man fpecies  are  equally  fufceptible  of  undergoing  the 
fame  alteration,  forming  tallow  of  the  fineft  quality.  This 
human  tallow  has  been  melted  down  into  candles.  Thefe 
candles  were  found  upon  trial  to  give  out  a  remarkably 
delicate  flame  of  a  blueifh  caft.  A  manufactory  of  them 
would  probably  have  been  fet  up  by  this  time,  had  it  not 
been  for  the  vigilance  of  the  police.  It  may,-  however, 
be  fufpe&ed-;  that  whenever  the  candles  burn  blue,  fome 
adulteration  has  been  employed. 

Genus 
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Mineralized,  or  combined  with  fulphur ;  and 
5th,  Alloyed,  or  in  union  with  each  other. 

Metals  are  divided  into  two  genera — the 
perfect  and  imperfect. 

Genus  1.  The  perfect  metals  are,  pla- 
tina,  gold,  and  fiher. 

2.  The  imperfect  metals  are, quickfiL 
ver,  lead,  copper,  iron,  and 

Genus  2.  The  imperfect  or  semi-me- 
tals are,  bifrnuth,  nickel,  arfenic,  cobalt, 
zinc,  antimony,  manganefe,  tungftein,  uranite, 
molybdena,  and  monachanite. 

CLASS  VI.    Volcanic  productions. 

1 .  Cinders — loofe  or  coherent.  The  loofe 
are  afhes  and  land ;  the  coherent  are  puzzo- 
lana,  trafs,  tufa,  pumice,  peperino. 

2.  Lava — either  common  or  vitreous. 
Common  lava  is  either  cellular  or  compact. 
Vitreous  lava — giafs,  enamel,  fcorias,  flags. 

CLASS  VII.    Of  Earths. 

They  are  diftinguifhed  by  their  brittlenefs, 
fixity,  fparing  folubility  in  water,  inflpidity, 
want  of  odour,  incapacity  of  imparting  a  tinge 
to  glafs,  and  their  fpecific  gravity  not  exceed- 
ing 
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Ing  that  of  water  more  than  in  the  propor- 
tion of  5  to  i,  and  are  divifible  into  nine  ge- 
nera, i.  Lime,  or  calcareous  earth.  2.  Stron- 
tian  earth.  3.  Magnefia  or  muriatic  earth. 
4.  Adamantine  earth*.  5.  Jargan  earth  f. 
6.  Sedmean  earth  p  7.  Siliceous  earth,  or 
quartz.  8.  Argillaceous  earth,  or  clay.  9. 
And  finally,  Barytes,  or  terra  ponderosa. 

*  This  is  fuppofed  doubtful.  f  Certain. 

%  The  exiftence  of  it  is  denied* 


THE  END. 


